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Annual Meeting Program 


A tentative program of the Annual 
Meeting will be published in the March 
issue of the JouRNAL. Some of the papers 
which will be presented at the Annual 
Meeting are: 

Welding in the Construction of U. S. S. 
New Orleans, by Captain Gawne, U.S. N. 

Experimental Determination of Stresses 
in Fillet Welds, by L. C. Bibber, Bureau 
of Construction and Repair, Navy Dept. 

Study of Transformation of Fusion 
Weld Metal, by E. R. Hensel and E. I. 
Larsen, Westinghouse Elec. & Mfg. Co. 

Welded Barge Construction, by Gordon 
G. Holbrook, Federal Shipbuilding and 
Dry Dock Co. 

Cause and Cure of Intercrystalline 
Corrosion in Austenitic Steels, by John 
A. Mathews, Director of Research, 
Crucible Steel Co. of America. 

Arc, Gas and Resistance Welding of 
Pressure Vessels, by H. L. R. Whitney, 
M. W. Kellogg Company. 

Modern Spot and Relief Welding, by P. 
W. Fassler, Fisher Body Corp. 

Symposium on Ductility in Welds— 

Papers by H. F. Moore, University of 

Illinois. 

C. H. Jennings, Westing- 
house Elec. & Mfg. Co. 

E. Chapman, Lukenweld, 
Inc. 

C. J. Holslag, Electric Arc 
Cutting & Welding Co. 

C. L. Waddell, Worthington 
Pump and Machinery 


Corp. 

D. Rosenthal, University of 
Brussels 

T. W. Greene, Linde Air 
Products Co. 


General Electric Gives Welding 
Design Course 


At the end of 1931, three months after 
the start, a total of 61 students had com- 
pleted the new General Electric course 
in the design of welded steel structures. 
Of this total, 27 were outside representa- 
tives and engineers. 

The average time consumed in complet- 
ing the course was four weeks. 


Safety Program 


The Third Annual Greater New York 
Safety Conference will be held at the 
Pennsylvania Hotel, February 24-25, 
1932. Members of the Society are 
cordially invited to attend this conference. 

In addition to a general session there 
will also be sessions on Eye Protection, 


First Aid, Inspection, Health and Safety 
Accident Facts. A program may be 
obtained from the National Safety Coun- 
cil, 9 East 41st Street, New York City. 


Optics Reveal Structural 
Stresses 


The Western Society of Engineers 
featured this subject at a meeting held 
in January. Through the adaption of a 
well-known principle in physics to show 
the extent and location of stresses in 
welded steel structures, S. C. Hollister, 
professor of structural engineering at 
Purdue University, presented a paper on 
“Locating the Stresses in Welded 
Structural Connections.” 

Professor Hollister has constructed 
about a dozen models of typical welded 
structural steel frames out of celluloid. 
These models include practically all of 
the standard connections employed in 
ordinary building as designed to make 
use of welding instead of riveting. By 
projecting polarized light through these 
models he is able to show the location 
and degree of stress in each part of the 
structure. This makes use of a well- 
known principle in physics that the 
transmission and diffraction of light 
through a transparent material are 
altered by the stress imposed upon it. 

Prof. Hollister exhibited his models 
at this meeting, projecting the images 
on the screen. They are exact reproduc- 
tions in miniature of the standard steel 
sections as proposed for welding. When 
he applies the load to these models the 
rainbows show the exact location and 
comparative amount of stress in each 
part of the structure, particularly in the 
welded joint which is the point under 
study. 

For the sake of comparing welded and 
riveted joints, Prof. Hollister has in- 
cluded a few of the latter in his models, 
so as to show how the stresses are. con- 
centrated in the neighborhood of the 
rivets. 


President’s Conference on 
Home Building 


Mr. G. D. Fish, Consulting Engineer, 
attended the President’s Conference on 
Home Building and Home Ownership, 
December 2 to 5 in Washington, as a 
representative of the AMERICAN WELDING 
Society. The subject of welding and its 
various relations to home building was 
brought up, from time to time, by various 
speakers representing a number of dif- 


ferent committees. A paper featuring 
welding was presented by Mr. H. H. Moss 
of the Linde Air Products Company, 
which indicated possible use of welding 
metal work in home building and, par 
ticularly, the welding of steel frames and 
sheet metal panels. Mr. Fish reports that 
welding seemed to be taken for granted 
as the obvious way to connect metal works 
used in house building, and that a number 
of different speakers emphasized the neces- 
sity for factory-built parts for small houses 


Personnel 
“While you hesitate others are building 
personnel.’’ This is an announcement of 


the Engineering Societies Employment 
Service. They state, “While you wait 
alert executives are planning for better 
business. Never before have there been 
such opportunities to secure the services 
of experienced engineers, technicians, busi- 
ness executives. Never before were so 
many experienced men quickly available. 
Never before could you so readily get the 
right men for your particular require 
ments—men whose knowledge can better 
your methods, build your business, cut 
your costs. This selective service will, 
without cost, work with you, help you 
secure the men you need today to create 
and hold the better business of tomor- 
row.”’ Those desiring professional engi- 
neers or technicians should get in touch 
with the Engineering Societies Employ- 
ment Service at the following addresses: 
31 West 39th Street, New York, N. Y.; 
205 West Wacker Drive, Chicago, III; 
57 Post Street, San Francisco, Cal. 


Accident Prevention 


In an effort to reduce the number of 
accidents in the petroleum industry caused 
by lack of adequate precautions and in- 
formation concerning gas and electric 
welding, cutting, and burning, as well as 
the use of open fires in mechanical opera- 
tions, the American Petroleum Institute 
has published an “Accident Prevention 
Manual on Gas and Electric Cutting and 
Welding.” It represents the work of the 
Institute’s Division of Refining Committee 
on Accident Prevention in Refineries and 
cooperating representatives of companies 
throughout the industry. 

The manual covers health and acci- 
dental hazards, discusses the problem of 
training new workmen and overcoming 
carelessness in others, and takes up in turn 
gas welding, electric welding and their ap- 
plication to the various tasks of the pe- 
troleum industry. 
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February 


SECTION ACTIVITIES 


BOSTON 


The next meeting of interest to the mem- 
bers of the Section is the annual dinner. 
and frolic of the Engineering Societies of 
Boston. The frolic is scheduled for Febru- 
ary 9th, at the Copley Plaza Hotel. Anex- 
cellent dinner will be served, and a pro- 
gram varied and interesting will be offered. 
Many consider this annual assembly an 
opportunity to meet old friends and make 
new acquaintances. 

On February 19th, the regular meeting 
of the Section will be sponsored by the 
Westinghouse Electric & Manufacturing 
Company. Details of the meeting will be 
announced later but it is safe to say the 
program will warrant a 100% attendance 
of the members of the Section. 


LOS ANGELES 


The regular January meeting of the Los 
Angeles Section was held on the 2\st. 
Captain Roe presented a very interesting 
talk on Ancient Egypt, which was ac- 
companied by slides prepared from pho- 
tographs which were taken by Capt. 
Roe during his long residence in Egypt. 
Mr. Millinger, Divisional Vice-President, 
showed motion pictures which he took on 
his recent trip to China, the Malay States 
and Australia. 

The next meeting will be held on Thurs- 
day, February 11th. The subject for this 
meeting will be ‘“‘Stainless Steel,” and Mr. 
J. O. Killian was appointed chairman of 
the program committee. 


PHILADELPHIA 


The Philadelphia Section will in the 
future hold their meetings on the third 
Monday of every month except December, 
June, July and August, at the Engineers’ 
Club. 

The next meeting of the Section will 
be held on Monday evening, February 
15th. Mr. John C. Cumberland, Cameron 
Pump Division, Ingersoll-Rand Company, 
will talk on “Some Aspects of Welded 
Fabrication from the Viewpoint of Both 
the Designing Engineer and the Welding 
Supervisor.”” The meeting will commence 
at 8:00 o'clock. 


NEW YORK 


The February meeting of the New York 
Section was held on February 9th as a 
joint meeting with the Metropolitan Sec- 
tion of the American Society of Civil Engi- 
neers. The meeting was given over to the 
report of the Structural Steel Welding 
Committee of the American Bureau of 
Weiding. 

Few investigations have assembled and 
coordinated such a vast amount of prac- 
tical data for the designing and construc- 
tion engineer.’ Five years were required 
for its completion and it represents the 
cdoperation of three rolling mills, 39 
fabricating shops, 61 welders, 18 inspectors 
and 24 testing laboratories. 

The program included: “Significance 
and Importance of the Report,” by L. S. 


Moisseiff, Chairman of the Structural 
Steel Welding Committee; “‘Aims of the 
Investigation,” by F. T. Llewellyn, mem- 
ber of the Structural Steel Welding Com- 
mittee and a representative of the A. S. 
C. E.; ‘Results of the Tests and Recom- 
mendations of the Committee,’ by H. M. 
Priest, Vice-Chairman of the Committee; 
“Practical Applications to Steel Struc- 
tures,” by F. P: McKibben, Consulting 
Engineer, Member of the Committee. 


PITTSBURGH 


The February meeting will be held on 
the 10th. Mr. Everett Chapman, Direc- 
tor of Engineering and Research, Luken- 
weld, Inc., will present a paper on “De- 
signing and Producing Welded Steel 
Plate Structures.” Mr. Chapman will 
touch on the question of weight reduction, 
stress distribution, ductility of welds, 
effect of impact, prevention of fatigue 
failure, importance of annealing and free- 
dom of design. He will describe the study 
of stress concentration by photoelastic 


examinations and stress distributions in 
models and finished parts with the aid of 
the deformeter and extensometer. His 
paper will also include a discussion of the 
metallurgical effects of welding and the 
necessity for ‘procedure control and will 
include the results of tests and describe 
the methods of study and investigation 
followed in the Lukenweld Research Labo- 
ratory. Lantern slide views will show the 
various welded structures fabricated in 
their shops. 


DETROIT 


The February meeting of the Detroit 
Section will be held on the 19th in the 
Masonic Temple, Second Avenue and 
Temple, at 8 P.M. The meeting will be 
preceded by adinnerat6 P.M. Mr. J. A. 
Hodge, Chief Metallurgist of the Babcock 
and Wilcox Co., Barberton, Ohio, will pre- 
sent a paper on ‘“‘Boiler Drums and Other 
Pressure Vessels of Welded Construc- 
tion.”” The paper will include the de- 
velopment of the various welding proc- 
esses; the welding process developed by 
the Babcock & Wilcox Co.; tests subjected 
to welded joints; non-destructive test of 
the completed pressure vessels for the 
Boiler Code Committee of the American 
Society of Mechanical Engineers. The 
paper will be accompanied by slides. 


EMPLOYMENT SERVICE BULLETIN 


Opportunities.—The Society is glad to learn of desirable opportunities from responsible 
sources, announcements of which will be published without charge in the BULLETIN. 


Services Available-—Under this heading brief announcements (not more than seventy- 
five words in length) will be published without charge to members. Announcements will 
not be repeated except upon request received after an interval of three months; during 
this period, names and records will remain in the office reference files. 


Note.—Copy for publication in the BULLETIN should reach the Society’s Office not 
later than the thirtieth of the month if publication in the following issue is desired. ALL 
REPLIES should be addressed to the number indicated in each case and mailed to the Society 


headquarters. 


SERVICES AVAILABLE 


A-152. Structural engineering sales executive, experienced in designing structural 
steel and ornamental iron for both riveted and welded construction; experienced in esti- 


mating, costs, burden application and sales. 


Available April 1. 


A-155. Position desired as Welding Engineer. Have had five years operating experi- 
ence in all phases of welding, two years assisting research engineer and five years welding 


sales engineering. Will go anywhere. 


A-156. Welder with eight years’ experience desires position in the East. Can give 


references. 


A-157. Welding instructor desires position. Desire to locate with some university 
including a course of instruction in welding. Graduated from University of Illinois in 
1927 with B.S. Degree in Railway Electrical Engineering. Have taken two-year test 
course in G.E. and completed their arc welding course. Also considerable experience in 


electrification of railway terminals. 


A-158. Electric and acetylene welder desires position. 


A-159. Welder and layout man desires position. 
as acetylene and arc welder, including welding of stainless alloys. 


Six years’ experience. 


Have had seven years’ experience 
Have experience in 


sheet metal layout work, drafting, blueprint reading, construction and experimental work. 
Have had charge as foreman of steel cabinet company of layout work, pattern making, die 
setting and assembling. Can furnish references. 
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Fundamental Research 


Problems in Welding 


+Compiled by the Fundamental Research Committee of 
the American Bureau of Welding. 


The Bureau 


HE BUREAU is a joint research Board affiliated 

with the AMERICAN WELDING Society and the 

NATIONAL RESEARCH CouNCIL. The Board is com- 
posed of representatives from the AMERICAN WELDING 
Society and from some twenty other interested engi- 
neering and scientific bodies. It has concerned itself 
with the promotion and coordination of research in thie 
welding field. 


Applied Investigations 


Although the possibilities of welding were generally 
recognized a number of years ago, progress in various 
applications was retarded because of lack of fundamental 
design data and underlying fundamental knowledge 
on many important factors. Moreover, there was a 
lack of standardization as to procedures with a conse- 
quent irregularity of the resultant product. A lack of 
familiarity with the various welding processes on the 
part of regulatory bodies and engineers in general was, 
also, a contributing factor to the retardation of progress. 

It was quite natural, therefore, that the first investiga- 
tions of the Bureau should deal primarily with such 
practical problems as training of operators, standard 
tests for welds, welding wire specifications, technique of 
welding and investigations on rail joints, pressure 
vessels and structural steel. These investigations 
have brought about a uniformity of product and a de- 
cided improvement in the quality of the product. Asa 
result of the satisfactory progress made by the welding 
industry, partly due to the investigations mentioned 
above, welding under proper restrictions is extensively 
used in fabricating machine parts, is permitted for use 
with all pressure vessels, and has been adopted in the 
building codes of some 125 cities and municipalities. 


Fundamental Researches 


With the growing use of welding there is a greater 
need than ever before for investigations of the funda- 
mentals. The ‘“‘reason why’ of things is rarely under- 
stood and none too often sought. Again in other 
instances there is a lack of fundamental design data. 
To meet the present needs and to foster researches of 
this kind, the Fundamental Research Committee of the 
American Bureau of Welding has been organized under 
the chairmanship of Mr. H. M. Hobart, Consulting 
Engineer of the General Electric Company. The 
opportunities for real service to the industry in this work 
are almost limitless and the possibilities of securing 
results of value are extremely great. Some of these 
problems can be best handled by the university. More- 
over, in this way the teaching staff and students will 
become familiar with the recent developments in welding 
practice. 

The Fundamental Research Committee comprises 
representative scientists of industry and, also, professors 
interested in the conduct of fundamental research work 


in welding. In particular the Committee endeavors to 
stimulgte interest in these investigations on the part of 
various universities. A list of problems needing in- 
vestigation is compiled each year and distributed to 
selected universities. These universities are allowed a 
free hand in the selection of problems for study. The 
Bureau assists, when called upon, in the formulation of 
problems undertaken for study. 


Procedure 


The first step is to gain a thorough knowledge of what 
has already been done. The Bureau assists in furnishing 
selected references to published information both in 
this country and abroad. If requested, the Bureau 
assists, also, in indicating possible lines of attack and in 
supplying specimens as may be needed, made up under 
the conditions specified by the laboratory. Occasions 
to be of assistance in all sorts of ways are constantly 
arising. 

In brief, the function of the Committee is to expedite 
progress and stimulate activity without in any way 
assuming authority or dictatorship. 

In the past, the members of the Committee have 
assembled once a year at the time of the Fall Meeting 
of the Society. To make these conferences a success 
the Committee has raised a small sum of money to defray 
the railroad and pullman expenses of those professors 
who could not otherwise have their expenses met. 
Reports of investigators are published in the JouRNAL 
OF THE AMERICAN WELDING Society, with or without 
presentation before some meeting of the Socrery. 
In a few instances publication has been in other journals 
and presentation before other societies. 


Local Branches of Committee 


To expedite progress and to hold more frequent 
meetings of local groups interested in fundamental re- 
search in welding and to permit more active cooperation 
of local industries, branches of the Fundamental Re- 
search Committee have been formed in Boston, New 
York and Pittsburgh. Others will be formed when 
found desirable. 


List of Fundamental Research Problems 
in Welding 


Group A—Investigations Involving Physical Tests 


In addition to the problems listed below many of the 
investigations included in the other groups are dependent 
upon physical tests. 

1. Relation of Ductility to Other Physical Properties. 

2. Impact Resistance of Welded Joints. 

3. Fatigue Tests on Weld Metal and Butt and Fillet 
Welds. (Much work has been done on welds made on 
low carbon steel, therefore it is desirable that this work 
include alloy steels and non-ferrous metals.) 

4. Study of the Effect of Specimen Design on the 
Tensile Properties of Butt Welds. (This work should be 
confined to specimens which cause failure to occur in 
the weld.) 

5. Corrosion Fatigue Tests on Butt Welds in Weld 
Metal. 

6. Relation between Density and Ultimate Strength 
of Weld Metal. 

7. Relation between Ductility Values as Obtained 
from Tensile and Bend Specimens. 

8. High Temperature Tests (long and short time 
tests) on Weld Metal and Welded Joints. 

9. Value of Kinzel and Tuckerman Bend Test for 
Ductility of Welds. 
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10. Quantitative Studies of the Internal Stresses 
Caused by Welding Operation. 


Group B—Involving Considerable Metallurgical 
Experience* 
(See other Groups, particularly Group D) 

1. Relationship of Nitride Needles and Physical 
Properties. 

2. Effect of Heat of Welding on the Adjacent Ma- 
terial with Particular Reference to Various Alloy Ma- 
terials. 

' 3. Effect of Flame Cutting as Compared with Other 
Methods of Cutting and Shearing on the ,Properties of 
Welds Deposited in Various Compositions of Steel. 

4. The Technique of Hardening Welds by Carburi- 
zing and Nitriding. 

5. The Use of Oxy-Acetylene Flame for Local Heat 
Treatment. 

Depth and Area of Hardened Zone with Various 
Thicknesses of Material in Spot Hardening: 

(a) Types of steel. 
(b) Effect of air hardening. 
(c) Effect of water hardening. 

Repeat for straight line hardening and also for closed 
circle heat treatment, making for the latter a study of 
the end effect and general technique. 

6. Effect of Annealing in Hydrogen Atmosphere on 
the Physical Properties of Welds. 


Group C—Problems in Physics 


1. Laws Governing Magnetic Disturbances in Arc 
Welding and How the Latter May Be Overcome. 

2. Magnetic Characteristics of Various Types of 
Welded Joints for Use in Electrical Machines. 

3. Metal Transferred in Different Positions during 
Arc Welding. 

Nore: Dr. Dushman states: “I have seen some 
experiments on inverted welding in which, apparently, 
the iron was transported from the welding rod to the 
welded material asa vapor. I could not see any evidence 
of transport of iron by sputtering and there was certainly 
no transport by actual contact of the fused end of the 
rod. Now, by comparing the amount of material trans- 
ported under those conditions, for a given current 
density at the cathode, with the amount transported 
when the welding is carried out at the same current 
density in the usual manner, it should be possible to 
obtain some idea regarding the relative amount of iron 
transferred by evaporation and mechanical sputtering 
or fusion.”’ 

Mr. Hobart states: “It would be instructive to 
have oscillograms for flat welding and inverted welding 
with the same volts and amperes in both cases and all 
other conditions the same. For flat welding we should 
presumably find several short circuits per second which 
some would ascribe to the metal being transferred in 
drops, one drop per short circuit. For inverted welding 
these short circuits might be absent. 

‘‘Many other comparisons could be made using this 
same general line of attack.”’ 

Prof. G. E. Doan states that some investigators attrib- 
ute the upward transfer of metal to the “pinch effect.” 
Another investigator has shown oscillogram records in- 
dicating short circuits in overhead welding caused by 
transfer of metal in globules. Others attribute transfer 
to explosion of gases in ordinary electrodes. 

4. Comparative Arc Behavior with Iron Electrode in 
Argon, Nitrogen and Air with Arc Formed by Electride 
Containing Slag and Oxide. 


* Special steels with various oxide content available for some of this work. 


Note: Dr. Dushman states: ‘There is distinct 
evidence that the stability of the arc depends upon 
the presence of small amounts of oxide on the surface 
of the cathode. For this reason, I would like to see 
experiments in which attempts are made to carry out 
welding with electrodes which are thoroughly free from 
oxide and, furthermore, if possible, these experiments 
should be carried out in an atmosphere of argon, in order 
to avoid oxidation.”’ 

5. Effect of Electrode Containing Cobalt and Nickel on 
Behavior of Arc. (See Note above.) 

6. Volt-Ampere Charactertistic of an Iron Arc as a 
Function of Arc Length. 

7. Motion Pictures of Metal Transference in the Arc. 

8. Calorimetric Study of Carbon and Metal Arcs. 

9. Temperatures of the D.C. and A.C. Iron Ares in 
Air and Other Gases. 

10. Non-Destructive Tests of Welds. 

Correlation between X-ray Photographs and the 
Actual Strength of Welds. 

Further Study of the Use of Gamma Rays for Weld 
Examination. 

Investigation of the Vibration Method of Testing 
the Soundness of Welded Joints. 

Investigation of Electrical and Magnetic Methods of 
Weld Testing with Particular Reference to Fillet Welds. 

11. Temperature of Oxyhydrogen-Carbon Monoxide 
Flame with Various Ratios. 

12. X-ray Study of Crystal Structure of Welds. 


Group D—Problems Involving Welding Procedure 


GENERAL Note: Apart from proprietary methods 
there is much to be done on both gas and arc welding, 
such as the effect of layer welding, of fore and backhand 
welding for gas, as well as up and down welding vertically 
by the arc. In gas welding non-ferrous alloys, excess 
oxygen and also excess acetylene should be tried. A 
considerable program could be worked out and the re- 
ports in some cases would require metailographic work 
as well as physical tests. 

Many opinions exist in regard to different methods 
and much fragmentary information is available but it 
requires being placed upon a completely statistical basis. 

1. Effect of Method of Making Gas and Arc Welds on 
Ductility. 

2. Effect of Peening on Quality of Welds. 

Note: In addition to mechanical tests, micrographs 
should be taken to make a comparative study of welds 
with and without peening and with peening under 
different conditions and to different extents. 

3. Effect of Method of Making Welds upon Alloy 
Steels and Non-Ferrous Metals. 

4. Comparative Properties of Welds Made with Bare 
and Covered Wire. 

5. Effect of Annealing on Locked-up Stresses in 
Welded Specimens. , 

6. Temperature and Technique for Strain Annealing 
of Various Types of Welds. 

7. Speed of Welding and Relation of Amount of 
Current and Voltage. 

Note: A record of the power consumption at the arc 
with these tests would provide definite information 
along a direction in which very uncertain information 
now exists. 

8. Comparative Merits of Various Types of Welded 
Joints in Minimizing Strain. 

9. Proper Welding Procedure to Obtain Satisfactory 
Welds in Hydrogen Atmosphere. 

10. Effect of Size, Number of Layers, Length and 
Shape of Fillet Welds on Their Strength. 
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11. The Effect of Annealing (above and below the 
critical range) on the Physical Properties and Machin- 
ability of Welds. (Particular attention should be given 
to alloy and high carbon steel.) 

12. Effect of Speed (Fast or Slow Welding) on Quality 
of Weld and Effect on Adjacent Material when Re- 
sistance Welding Different Steels and Non-Ferrous 
Metals and Alloys. 

13. Study of Different Methods of Resistance Welding 
and the Effect of Such Welding on the Material Welded. 
(This should be done on different steels and non-ferrous 
metais and alloys.) 

14. Effect on Resistance Welding of Coatings Such as 
Dirt, Oxide and Different Plating Such as Zinc, Cad- 
mium, Lead, Tin, Chromium and Others When Applied 
to Steels and Non-Ferrous Metals and Alloys. 

15. Advantages and Disadvantages of Deep Pene- 
tration. 

Note: This problem might be stated “Is deep 
penetration necessary ?”’ 

It is of advantage to the industry to show that pene- 
tration need be no greater than necessary to make 
molecular union of the weld metal and base material. 
The experimenter should preferably be a welder in order 
that he could alternately weld and then study the effects 
of varying penetration on his welds. There are few 
experimenters who are expert enough in welding to make 
a proper job of this. Such a problem would have great 


usefulness and should be carried out in gas and arc 
welding. 


Group E—Structural Studies 


1, Tests on Various Types of Connections of Beams 
Welded to Columns. 

2. Resistance of Welded Joints to Variable L« ads. 
(It is suggested that for this item methods of testing 
can be devised which can be carried out easily. It is 
also necessary to classify the various types of loading 
producing variable stresses in welded joints. These 
variable stresses occur in bridges, crane runways, ships 
and possibly other important structures.) 

3. Photoelastic Studies of Stresses in Welded Joints. 

4. Experimental Check on Theoretical Methods of 
Computing Stresses in Welded Joints. 


Group F—Problems Involving Chemistry 


1. Relations between Chemical Composition and 
Mechanical Properties and Weldability of Steel. 

2. Viscosity Melting Point and Surface Tension of 
Coatings (Slags) for Electrodes. 


Group G—Psychological 


1. A Psychological Study of the Effect of Continued 
Welding on the Operator, with Particular Reference 
to the Effect of Fatigue on the Quality of Welding. 


Abstract of Paper 
on The Influence 
of Current in 


Arc-Welding 
Soft Steel* 


By DR. F. LEFRING 


+Forschungsarbeiten auf dem Gebiet des Ingenieur- 
wesens, No. 332. VDI-Verlag G. m. b. H., Berlin, 1930. 
DIN A 4, IV/55 pages, with illustrations and 3 tables. 
Paper Covers. rice RM 10.— (RM 9.— for VDI members). 


EXT to the skill of the welder and the character 
of the materials, i.e. the type of electrode and 
the metal of the product, the most potent factor 

in determining the quality of the joint in electric arc 
welding is the ‘proper adaptation of the current condi- 
tions, i.e. intensity and kind of current, and with direct 
current also the direction of flow. 

The experimental research undeslying the present 
treatise was directed primarily toward ascertaining the 
relation between current conditions and the fusing proc- 
ess in welding steel, and further toward establishing 
the influence of the current conditions upon the strength 
of the weld. To this end, extensive series of compara- 
tive seam-welding tests were carried out with alter- 
nating current as well as direct current with either 
pole location, these tests being made with different 
metal thicknesses and under wide variations of the 
current intensity. 

*Translated by Mr. M. Paneyko. 


On the basis of these tests, it was found possible to 
reduce the melting capacity of the arc to a simple for- 
mula practically confined to the character of the elec- 
trode and the kind or direction of the current. The 
fundamental importance of this relation for calcu- 
lating the time required for welding is discussed. A 
further result is the establishment, with the help of 
microscopic examination, of numerical values for the 
penetration of the arc into the metal as related to cur- 
rent conditions and metal thickness. 

The results of extensive material tests, comprising 
rupture and impact tests on notched specimens, are 
represented in graphic form to give a comprehensive 
picture of the influence of varying welding conditions 
upon the quality of the weld. Examinations carried 
out at the same time on the character of the fractures 
are recorded to show the interrelation between current 
conditions, the fusing effect of the arc, and the strength 
of the welded seam produced. In this examination, 
the reductions in area due to welding defects as revealed 
by the fractures, are given in per cent of the cross-sec- 
tional neck area of the specimens. 

A further question coming in for attention is in how 
far and with what degree of assurance it is possible to 
detect the various and at times very dangerous welding 
defects by means of the X-ray. To this end, a large 
number of welded seams were X-rayed while still with 
the weld intact, and in each case from the direction 
most likely to reveal existing faults. 


Resume of Results 


1. Welding by the iron arc depends upon the condi- 
tions of the current (intensity, kind, and polarity of 
current), and upon the electrode, with a given kind of 
electrode and a given polarity, amd with the current 
intensity range of ordinary hand-welding, the quantity 
of iron melted per unit time is proportional to the cur- 
rent, and nearly independent of the size of electrode 
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and of the ordinary changes in arc length produced by 
the welder. 

It is therefore possible to define a ‘‘melting coefficient”’ 
in grams per ampere-minute, which depends upon the 
kind of electrode and upon the kind and polarity of 
current. Experimentally determined ‘melting coef- 
ficients,’ for ordinary electrodes and practical condi- 
tions varied between 0.12 and 0.18 gram per amp. min. 

2. By means of the melting coefficient, it is pos- 
sible to compute the time required for the welding with 
a given kind of electrode and given current, with proper 
consideration of losses due to splashing and burning. 

3. The losses due to splashing and burning, whiqh 
varied from 6 to 22%, depend to a great extent upon 
the current and the thickness of the sample, and upon 
the kind of electrode used. 

4. The well-known fact was verified, that the depth 
of penetration of the weld increases with the current 
and decreases with the thickness of the plate. The 
influence of the sort and polarity of current is small 
for moderate thicknesses (5 to 6 mm.), and quite definite 
for larger thicknesses (10 mm.). 

5. Breaking tests showed that most defects of arc 
welded seams are due to insufficient penetration, i.e., 
primarily to insufficient current. These defects con- 
sist of spots which are not welded together, partly at 
the adjoining surfaces of the original plates, partly be- 
tween successive layers of the molten metal. Gas pockets 
seem to be less dangerous. 

6. It was determined by tension and bending tests 
that too high current intensities does not materially 
reduce the quality of a weld. However, too small cur- 


rents have a very great influence on the strength of the 
weld. Therefore, the choice of the current should be 
one which is certainly at least sufficient, and never too 
small. 

7. When using coated electrodes, it was shown that 
the minimum current required depends not only upon 
the thickness of the plate, but also upon the sort of 
current used. For both D.C. and A.C. the minimum 
current increases with the plate thickness. For A.C., 
the increase is much faster than for D.C., and at a 
thickness of 10 mm. the alternating current required 
was already considerably larger than the direct current 
of ‘“‘correct’’ polarity. 

8. Systematic tests show that prediction of the 
quality of a weld by means of X-ray photography is 
based on the following considerations: 

(a) Defects due to separation of surfaces can be 
determined with practically complete accuracy, 
if proper directions of X-rays is used (nearly 
parallel to the surfaces). These defects ap- 
pear on the photograph in the form. of char- 
acteristic lines, the intensity of which depends 
upon the depth of the defect. 

(b) Defects due to separation of successive layers 
of welded metal can be seen only then, when 
they occur together with more dense deposits. 

(c) Gas pockets appear definitely on the X-ray 
photograph, even when their diameter is only 
about 1 to 2% of the plate thickness. Their 
influence on the quality of the weld under dif- 
ferent conditions can therefore be studied very 
effectively by this method. 


Welding High Carbon Steel 


QUESTION 


Can you give me information as to the arc welding of 
.65 carbon steel? Is it necessary to preheat or anneal 


the work? 
ANSWERS 


By P. P. ALEXANDER, Thomson Research Laboratory, 
General Electric Company: 


“T have found it necessary to preheat the work to 
about 300 to 400° C. before welding and annealing im- 
mediately afterward. I obtained best results by weld- 
ing high carbon steel with atomic hydrogen process 
and using a welding rod containing 1.2 carbon. If the 
welding is done at medium speed, the resulting weld has 
carbon content of 0.6 to 0.65. Therefore, I think that 
the atomic hydrogen and welding rod of the above 
composition would give very good results on the above 
application. The welds produced by that process can 
be quenched and drawn in the standard way to obtain 
the desired characteristics. 

“If the atomic hydrogen process is not available I 
suggest the use of flux covered high carbon electrode 
or the use of a good bare high carbon wire. In the 
latter case the weld would have to be heat treated. 
The bare wire electrode, however, should not be more 
than 0.85 carbon. Of course if it is not mecessary to 
produce a weld of high strength and composition ap- 
proaching that of the parent metal, other fluxed or bare 
wire electrodes could be used successfully although the 
produced welds are liable to crack during quenching 
and will be considerably weaker and more brittle than 
the parent metal.” 


By C. H. JENNINGS, Mechanics Div., Research Labs., 
Westinghouse Electric & Mfg. Company: 


“Welding of 0.65 C. Steel will be very difficult and 
the strength of the joint will not be equal to that of the 
original material. The process of welding will ‘burn 
out’ some of the carbon from the base metal and will 
produce a hard, brittle zone adjacent to the weld. 
Heat treating the weld at a temperature high enough 
to produce grain refinement will eliminate this brittle 
zone. This heat treatment will not make the joint as 
strong as the original base metal, however, because of 
the lower carbon content at that point resulting from 
welding. 

“In welding steels of this carbon content, residual 
stresses must be kept to a minimum in order to prevent 
cracking in the above mentioned brittle zone. 

“T am not in a position to state what would happen 
if the welded joint was heat treated by quenching in 
oil. Also, as I have made no tests on welds made of 
steel of this carbon content, I can make no statement 
as to their exact physical properties. 

“The following suggestions will be helpful in con- 
nection with welding 0.65 C steels. 

1. If possible, have the ends of the pieces to be 
welded free so that they may move, thereby elimi- 
nating residual stresses as much as possible. 

2. Use a high grade fluxed welding electrode. 

3. Puddle the molten metal with the electrode. The 
carbon lost by the base metal forms a gas which must 
pass through the molten pool of deposited metal. If 
the deposited metal is not kept in the molten state long 
enough for this gas to escape, the weld will be porous. 


4. Peening is often helpful in reducing residual 
stresses. 


5. Heat treat the finished weld at a temperature 
high enough to produce grain refinement.’ 
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1932 A NEW TYPE OF FATIGUE SPECIMENS 9 


Giving the Weld 
a Chance 


By G. E. THORNTON 


+This article was prepared as a report to the Fundamental 
Research Committee of the American Bureau of Weldi 
by Prof. G. E. Thornton of the Department of Mechani 
Engineering, State College of Washington, Pullman, 
Washington. 


EST data to be entirely acceptable must be data 
Tcbtained from tests which have given equal 

consideration to the cross section of the specimen 
at every point. Test data representing the endurance 
limit of welded metals at present is not standard because 
of the many different methods used by manufacturing 
companies in determining that endurance limit. A 
standard test giving authentic results would promote 
greater confidence in the welding art. 

The usual test specimens proposed for stock metals 
tested in tension, compression, bending and torsion, may 
be applied to welded metals and give reliable data. In 
such specimens the cross section at every point is the 
same and the specimen fails at the weakest point in 
the tested length. Any photograph representing rup- 
tured samples of welded metals tested in the four ways 
mentioned above will show a larger percentage of rup- 
tures outside of the welded area than in the welded 
area. 


Fig. 1—Representative Specimens of Welded Metals Tested 
in Tension 


Fig. 2—Representative Specimens of Welded Metals Tested 
for Endurance Limit 
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Fig. 3—Usual Type of Fatigue Specimen 


Fat 
for 


The specimen shown in Fig. 1 represents what occurs 
in the majority of well-made welds when the specimens 
are tested in tension even when the cross section of the 
welded portion has been carefully machined to the same 
area as the stock metal not welded. 

In each case the weld is midway between the fillets 
at the end of the tested length. 

The usual test specimen proposed for determining 
the endurance limit of stock metals under fatigue test 
presents certain difficulties when applied to welded 
specimens. If fatigue samples which have been ruptured 
m determining the endurance limit of welded metals, 
as shown in Fig. 2, are examined it is found that a very 
large percentage of the specimens have failed in the 
weld. This large percentage of failures in the weld 
is not an indication of the weakness of the weld but rather 
a weakness in the design of the specimen and its adapta- 
tion to the welded specimen. 

The object in testing metal in fatigue is to determine 
its endurance limit. The fatigue specimens now used 
all contain a critical section at which the majority of 
specimens break when tested in fatigue. If the weld is 
located at this critical section it does not tell whether 
the weld is stronger or weaker than the stock metal in 
fatigue. The critical section so far as the welded 
specimen is concerned may be located at the center of 
the weld or at the side of the weld in parent metal 
which has beeh affected by the heat from the weld, or it 
may be metal at this critical section which in no way 
has been affected by the heat from the welding opera- 
tion. 

Several types of specimen uStally used in determin- 
ing endurance limit of stock metals are shown in Fig. 3. 

In order to establish confidence in welded metals when 
they are subjected to fatigue tests it is desirable that a 
specimen be used which will abolish this critical section 
and allow a stress to be applied which will be the same 
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Fig. 4—(Upper) Proposed Fatigue Specimen for Welded Metals 


Fig. 5—(Center) */;” Fatigue Specimen Machined from 1” Welded 
Steel Plate 


Fig. 6—(Lower) Determination of Cross Section Area at Any Point for 
a Constant Strength Cantilever Beam with Circular Cross Section 


stress per unit of cross section at any point in the speci- 
men or in other words design the specimen for constant 
strength. 

In a constant strength specimen, if the weld is equally 
strong with the other parts of the bar, the break will not _ 
occur consistently in the welded area but will be at the 
weakest point in the specimen. 

A test specimen of constant strength with circular 
cross section is suggested below with tentative di- 
mensions given. See Fig. 4. 

The curvature of the specimen between the cross 
section A and B should be such as to give the same 
fiber stress at any point in the cross section between 
Aand B. See Fig. 5. 

The dimensions given in Fig. 5 are for a */,” specimen 
and have been determined from the formula for a con- 


stant strength cantilever beam of circular cross section 
or 


where r = radius of cross section in inches 
P = applied loads in pounds 
s = stress in outer fiber in pounds per sq. in. 
x = distance from center of applied load to the cross section 


under consideration 


See Fig. 6. 


The machining of such a specimen is not difficult 
and can be done upon any lathe equipped with a taper 
attachment. 

A cam machined to the correct curvature is mounted 
upon the taper attachment and serves as a guide for the 
tool post carriage while machining the specimen. 

A machine using the cantilever type specimen is 
shown in Fig. 7. 

The machine shown is a modification of an English 
machine and has many desirable features over the 
usual type of fatigue machine. The deflection of the 


specimen is obtained at the time of loading in determining 
the endurance limit. 


| 


¢ Fig. 7—Improved Rotating Beam Using Cantilever Beam Type Constant Strength Specimen 
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A NEW TYPE OF STEEL FLOOR il 


A New Type 
of Steel Floor 


By JOSEPH G. SHR YOCK, C.E., M.C.E. 


Mr. Shryock is Chief Engineer of the Belmont Iron 
Works. 


URING October, full-sized tests arranged by 
Professor H. C. Berry of the University of Penn- 
sylvania were made at the Eddystone Plant 

of the Belmont Iron Works, on three floor panels each 
seven feet wide by twenty feet long. These floor panels 


of the combined section; whereas, in the welded floor, 
the intermittent fillets are located near the upper and 
lower parts of the channels. 

The testing frame or table, ten feet wide, twenty 
feet long and six feet high, was made of two longitudinal 
12-inch wide flange sections, twenty feet long with three 
transverse 10-inch wide flange sections, making two 
10-foot square frames resting on six steel columns with 
knee braces all as shown in Fig. 2 which also shows the 
riveted floor panel, riveted to the frame with */,-inch 
diameter rivets. 

Attention is called to the fact that the testing frame 
was purposely made wider than the floor panel leaving 
the sides entirely free, thus receiving no side support 
from the frame. The loads therefore produced a two- 
way and not a four-way system. The floor panel was 
continuous over the center beam, and simply rested 
on the end beams. No attempt was made to secure 
fixity at the ends. In the first test the floor panel was 
attached to the center beam by means of two */,-inch 
diameter rivets in each low channel and to the end beams 
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Fig. 1— Section through Interlocking Floor Using Stair Channels and Illustrating the Three Methods of Attachi 
Below Are Four Combinations of Structural Members Suitable for the Floor 


Adjoining Ch 1 
: from Left to Right, All Channels, ll I-Beams, 


Channels and I-Beams, and Plates and Angles 


were identical in all respects, except in the method of 
attaching the members to each other and to the rigid 
testing frame or table. 

Each of the three panels consisted of seven 12 in. x 
10.6 lb. Jones and Laughlin light weight stair channels 
interlocked; and connected either by '/, in. x 1'/, 
in. fillet welds, or by '/2 in. rivets, or by '/» in. bolts, 
spaced 12 in. on centers respectively, Fig. 1. For riveted 
or bolted types the rivets or bolts are necessarily spaced 
midway at the depth, that is, at the center of gravity 


Fig. 2—Riveted Panel on Frame Ready for Welding 


with one */,-inch diameter rivet in each low channel; 
in the second test */,-inch diameter bolts were used, 
and in the third test °/,-inch single bead arc welds 
inches long. 

For measuring deflections a lug was welded to the 
underside of the floor panel in the center of each ten- 
ft. span, to which a graduated steel gage was clamped. 
Piano wires were stretched between the end cross beams, 
supported at the center beam also. The wires were 
heavily counterweighted and crossed the two graduated 


Fig. 3 
Center of Panel 


Welded (Left-hand) Bolted (Right-hand) 
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scales. Deflections under load, and recovery, as loads 
were removed, were read directly on the scale. 

The entire floor panel was loaded with uniform size 
wooden boxes (114 per tier), filled with steel punchings 
to the required loadings and handled by an overhead 
bridge crane. In order to produce a concentrated load 
of 8000 pounds, a large box of steel punchings was 
used with a laminated base or stool 12 inches square 
under the center of the bottom. The resulting deflec- 
tions, recovery and permanent set for all five loadings 
were carefully recorded. All these records were tabu- 
lated in parallel columns, in order to be able to make 
a direct comparison, between the three prevailing methods 
of fabricating structural steel (see Fig. 4). 

As some of the engineers present suggested that the 
stiffness of the arc welded panel was due to restrained ac- 
tion produced by welding the ends of the panel to the 
frame, we had workmen cut the ends loose with chipping 
hammers and made a special test; results are shown 
in the right-hand schedule. When the loads were re- 
applied the resulting deflections showed but '/ of an 
inch increase. This clearly confirmed that the stiffness 
was due not to the end connections but to the inherent 
stiffness of the interlocking sections themselves. 

A careful inspection after the final tests showed all 
three panels in excellent condition including every rivet, 
bolt and weld. They were all sound with no signs 
of incipient failure due to excessive overloading in spite 
of the size of the rivets and bolts, only '/: inch in diameter 
in holes °/¢ inch in diameter. With safe working loads, 
all three types of connections, viz., rivets, bolts, welds, 


were entirely satisfactory, but under overloading, both 
uniform and concentrated, the welded panel was much 
stiffer than either the riveted or bolted panel. 

The four uniform load tests, and one concentrated 
test, covered the usual range of floor loadings for build- 
ings of all types as follows: 


1. Live load of 40 to 60 pounds per square foot 
plus 65 Ib. dead load equals 125 lb. per square foot 
total. This covers buildings for human occupancy such 
as institutional buildings, apartment houses, office build- 
ings, etc. 

2. Live load of 120 Ib. per square foot plus 65 Ib. 
dead loads equals 185 Ib. total per square foot for public 
garages, light manufacturing, etc. 


3. Live load of 200 Ib. per square foot plus 65 Ib. 
dead load equals 265 Ib. per square foot for storage 
buildings, warehouses, etc. 

4. Live load of 300 Ib. per square foot plus 90 Ib. 
dead load equals 390 lb. per sq. ft. for heavy ware- 
houses, powerhouses, pier shed floors, etc. 


5. A concentrated live load of 8000 lb. per square 
foot in center of panel for modern heavy motor truck 
concentrations. The welded panel may be covered 
with a concrete slab two inches thick over the high 
channels; the riveted panel with a '/; in. cinder fill with . 
l inch cement finish; the bolted panel with an asphaltic 
cement mastic coating as perfected by the asphalt 
companies for use as bridge and trucking floors. A 


record will be kept of the behavior of these panels in 
service. 


1931 BOUND VOLUME 


Bound Volumes of the Journat of the Society for the year 1931 are now avail- 
able with imitation black leather covers. Contains a wealth of information on 
the latest developments in welding. Price $6.50. 
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APPLYING THE A. S. M. E. WELDING CODE 13 


Practical Application 
of the A. S. M. E. 


Welding Code 


By A. J. MOSES 


+This paper was presented at a t meeting of the 
Metropolitan Sectiond of the A. S. M. E. and A. W. S. on 
January 5, 1932, by Mr. Moses, plant superintendent, The 
Hedges-W alsh-Weidner Co., Chattanooga, Tenn. 


OTHING heretofore has so stimulated interest in 

the welding art as its proposed application to 

boilers and pressure vessels. It has furnished 
the greatest incentive to improve this art. The ad- 
mittedly rigid requirements so necessary in such welding 
application has brought about a codification of reliable 
testing methods. Previous to this awakened interest 
in the art little was known concerning the possibilities 
of welding. Most of the welding processes were held 
in sufficiently bad repute as to prohibit their use in 
the manufacture of boilers. The belated decision that 
this method of joining plates could be made applicable 
to such construction brought about a thorough investi- 
gation of welding. The dependable and standardized 
test methods, newly instituted, have thoroughly dis- 
credited even that welding which has heretofore been 
considered good. Besides rooting out many false ideas, 
the accurate information derived from such testing 
has led the way in obtaining confidence in a reconstructed 
art. In a large measure the interest aroused by pres- 
sure vessel welding has been directly responsible for 
the remarkable progress made in the art during the past 
decade. 


Advantages of Welding 


The advantages to be derived from welding in this 
industry have long been appreciated. In fact, it had 
been used to a small extent for many years. Experience 
gained from this and its use in effecting repairs did not 
increase confidence in the art. In connection with low 
pressure vessels of light plate thicknesses, it was con- 
sidered unsafe construction. Its employment in the 
growing heavy plate fabrication was apparently out 
of the question. However, it was the advent of high 
pressure vessels that made welding a live issue. The 
general weaknesses of riveted construction were empha- 
sized in the building of heavy wall vessels. Manu- 
facturers began to realize that the possibilities of improv- 
ing welding were better than those of riveting. Also 
the realization that ideal welding was much to be pre- 
ferred over ideal riveting gave added impetus to the 
movement. 


Steel 


Long experience in the manufacture of riveted pres- 
sure vessels had proven that a ductile, low carbon 
steel is necessary in such construction. The ability 
to withstarid shocks and fatigue stresses makes this 
material much. more suitable than the higher tensile 
strength steels. Also from a practical fabricating stand- 
point such material is easier worked and shaped. It 


is less apt to be injured by improper working and heat- 
ing. The A. S. M. E. Boiler Code specifications for 
boiler plate prescribes such as being the most desirable 
for this purpose. Fortunately this was one of the most 
weldable materials. The problem of ideal welding lies 
in the securement of a joint or weld metal of the same 
physical and chemical properties as this base material. 
It was realized at once that stress relieving or heat 
treatment of entire vessels would be necessary. All 
welding methods from their very nature result in highly 
stressed areas and in metallographic structures inferior 
to the plate material. The excellent physical proper- 
ties of the latter are greatly due to the refining opera- 
tions through which it passes as a unit during its manu- 
facture. Welding undergoes no such refining proc- 
esses. Welding being essentially a localized opera- 
tion, joints and adjacent plate material are subject to 
the ill effects of unequal heating and sudden chilling. 
If intrinsically good, welded joints can be vastly im- 
proved by subsequent annealing. Therefore the prob- 
lem is reduced to the requirement of a consolidated, 
sound joint of clean metal, chemically, like the plate. 


Testing 


In so important an application of welding, the need of 
rigid test requirements is evident. Proper testing has 
played a leading role in the development and mainte- 
nance of safe construction. In this field it is extremely 
important. In riveted construction it could not be 
slighted. The strength of the poorest riveted joint 
will vary little from the calculated. But calculations 
must rely on the accurate testing of materials. Errors 
in design and workmanship and the quality of the 
materials used must be continually checked. In con- 
nection with boiler plate material, it is admissible that 
the most rigid testing is superfluous. The time of run- 
ning a heat of open hearth steel is a matter of hours. 
The metal is dealt with in a large unit. The procedure 
is long established. Time is afforded for continuous 
checking and treatment if necessary. Being a large 
mass, a fair degree of uniformity in treatment and re- 
sults is assured. Long experience has taught how to 
identify and correct harmful conditions. With welding 
the reverse is true. While the operation may be con- 
tinuous the actual joining of unit areas is almost instan- 
taneous. Little time is afforded for the detection and 
correction of errors. Welding is a sensitive operation. 
It is susceptible to slight changes in many contributing 
factors. The quality of the joint is largely dependent 
upon the constant control of these factors. The chances 
against uniformity are large. Variations in quality can 
and do occur within the same joint. Welding has not 
the metallurgical background of the Siemens-Martin 
process of making steel. Causes and effects are not yet 
thoroughly understood. Therefore the entry of weld- 
ing into the pressure vessel field calls for the most rigid 
testing. The accuracy of the calculated strength and 
service expected of a weld joint depends not upon what 
has been or can be done, but rather upon test result 
closely related to the particular joint. 

Interest in such welding requirements has been gen- 
eral. A few years back the interest of a few firms 
took a practical turn. These firms undertook a serious 
study and development of the welding art in relation 
to the known requirement for pressure vessel appli- 
cation. While the formulation of a code was under- 
taken jointly, the selection and improvement of weld- 
ing procedures were developed separately. One of these 
firms was the Hedges-Walsh-Weidner Co., a subsidiary 
of International Combustion. The writer can speak 
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with some knowledge only concerning the research and 
development program carried out by that company. 
No preliminary study was. necessary to establish the 
evident unreliability of the common welding methods. 
This company had gained considerable experience in 
dealing with acetylene and with both manual and 
automatic arc welding. These methods had been used 
with some degree of satisfaction in structural work 
and in the fabrication of tanks and range boilers. 
But its use was not permissible in important seams of 
power boilers and pressure tanks. In particular cases 
it was used in the manufacture of the latter vessels 
where the stresses were supposedly carried by stay bolts 
or rivets. Even this limited use was the source of some 
trouble and expense. The defectiveness of such weld- 
ing made evident the need of improvement. 


Method . 


The selection of a method best suited to this class of 
work required a more detailed study. There are many 
factors to be considered in making such a selection, 
that of quality requirements being uppermost. Second, 
the process must be practically and economically ap- 
plicable. Fortunately the material to be welded offers 
no great difficulties in itself. But the sizes, shapes and 
thicknesses encountered in pressure vessels eliminate 
quite a few of the welding methods on the basis of 
quality and practical and economical applicability. 
While resistance welding ranked high in regard to 
quality it was not considered economically adaptable. 
No usable process was sufficiently trustworthy for this 
work. None, in which the human element was a neg- 
ligible factor, were available. The nature and serious- 
ness of probable defects in connection with the various 
methods were important. The ability to detect and re- 
pair such defects without recourse to several welding 
methods was considered most desirable. Strangely 
enough, that process which has given some of the poorest 
results, metallic arc welding, was chosen. The extreme 
simplicity and flexibility of this method have com- 
mended it to many investigators. Coated electrodes 
for metallic arc welding had been introduced some 
years before. Many brands of these had been used 
by the Company. While they had not attained their 
present state of development, sufficient improvement 
had been obtained as to justify the expectation that 
metal are welding could be made satisfactory for pres- 
sure vessel welding. 


Test Results 


Stress relieving was accepted as a necessity. Opinion 
concerning this has not changed. The desirability of 
an efficient non-destructive test was appreciated. At 
that time this aid was thought unobtainable or rather 
that the proposed methods were impractical. Since 
that time X-ray examination of weld joints has proven 
both practical and efficient. This valuable test method 
should receive the unqualified endorsement of all manu- 
facturers and users of welded pressure vessels. No 
standards had been established for the testing of weld 
joints. Published test data concerning such were un- 
intelligible. This is still true to a large extent. There 
seems to be an aversion to reporting tests in terms of 
established codes. For instance, the tensile strengths 
of weld metals are often published together with photo- 
graphs of specimens showing a reinforcement of un- 
known amount at the joint. Also the heat history of 
the samples is neglected. The tensile strength is often 
calculated for weld metal through which a series of 
holes have been drilled. * This gives fictitious results. 


In some cases elongation has been given in terms of the 
elongation of these holes. Photographs of bend sam- 
ples have been shown wherein little perceptible bend- 
ing has occurred in the weld joint. Much of this is un- 
important but nevertheless misleading. We are all 
guilty of striving to present these matters in a novel 
and spectacular manner. It was necessary to combat 
such a condition of affairs in formulating a reliable 
test code. 

This company has developed a mode of fusion welding 
which embraces the use of a shielded metal arc, the 
employment of selected materials and welding equip- 
ment, and the establishment of an efficient procedure 
and a trained organization. Since the adoption of the 
A. S. M. E. Welding Code, all welded vessels have been 
checked and tested in compliance with the provisions 
of that code. This has been under the supervision 
of an inspection agency which has followed closely the 
development of this application. This welding method 
is the result of an extended study of the many variables 
encountered in metallic arc welding. This involved 
an immense amount of experimental work. The de- 
velopment work as well as the routine checking of pro- 
duction jobs necessitated the installation of a fully 
equipped laboratory. Numerous tests have been made 
of various electrodes and base materials. The effect 
of the size of electrode and current characteristics have 
been studied. Means of controlling the arc, arc lengths 
and the requirements of welding machines have been 
investigated. A satisfactory and unique covering ma- 
terial for the weld rods was early attained. 


Welding Operator 


From a careful investigation of good and bad re- 
sults the proper technic was established. As was ex- 
pected, chemical and physical testing were found neces- 
sary in the control of electrode and plate material. 


Difficulties were encountered making indispensable the . 


checking and controlling of practically all of the ele- 
ments entering into the welding operation. Since the 
operator, whether manual or machine, is the most un- 
controllable agent present, an attempt was made to 
minimize the effect of human errors. This has been 
rewarded with a fair degree of success. If no errors 
are committed by those responsible for the preparation 
and carrying out of the welding procedure, almost in- 
fallibly, good results will follow. No organization can 
measure up to this degree of efficiency. While con- 
scientious inspection and reliable testing will divulge 
the seriousness of defects, their correction is generally 
expensive. 

For this reason, and not through any lack of faith 
in testing methods, it was desirable to give all welders 
a thorough training course. After a preliminary train- 
ing in the rudiments of the art, they were given plates 
one inch thick and 30 inches long to be welded. These 
plates were of sufficient length to insure the use of more 
than one electrode in the laying of each bead. Each 
welder, without assistance, was required to produce 
at least five consecutive welds without flaws. These 
samples were subjected to all the tests prescribed by 
the A. S. M. E. Code for Grade 1 welding. Joints 
giving practically perfect radiographs were demanded. 
Physical test results amply superior to the Code specifi- 
cations were also required. After successfully com- 
pleting this training course, the welder was adjudged 
qualified to weld on plate thicknesses up to one inch. 
Before being permitted to weld on heavier material, 
he was required to make additional samples of 1'/2”, 
2”, 2'/,”, 3” and 4” plate. All such weld samples have 
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been clamped rigidly so as to prevent warping and to 
insure the locking up of all shrinkage stresses. 

In addition to the above, attached samples have 
been required for every production job, regardless of 
the grade of welding required. Each welder has been 
assigned a number. A complete test record for each 
welder is maintained. This includes both qualifying 
and identifiable production welds. All samples were 
stress relieved in accordance with Code requirements, 
but were not normalized. The results of nearly 500 
samples of qualifying welds is given below. These 
were made by various welders, most of whom were 
complete novices in the welding art. The lists include 
both the acceptable and the unacceptable welds. That 
is, it constitutes a complete history of the qualifying 
tests of the welders from their very first efforts. 


Code % 
Test Requirements Average Results Failures 
Free bend test 30% elongation 
outer fibers 50.7% 2.6. 

Transverse tension 55,000 Ib./sq. in. 58,300 1lb./sq.in. 9.1 
Specific gravity, all 

weld metal 7.80 7.842 1.2 
Yield point, all 

weld metal 27,500 Ib./sq. in. 38,800 1b./sq.in. 0 
Elongation in 2” ail 

weld metal 20% 29.45% 5 
Tensile strength, all 

weld metal 55,000 Ib./sq. in. 60,000 Ib./sq.in. 5 


Practically all of the samples which failed physically 
were radiographically unacceptable. The fact that the 
tranverse tension test shows more failures is worthy 
of note. These samples were not machined according 
to Code specifications to force failure in the weld metal. 
The reduced section was machined somewhat wider 
than the weld so as to disclose possible side wall de- 
fects. Radiographs show that imexperienced welders 
have more difficulty here than elsewhere. Tensile speci- 
mens having such defects will not always fail in physi- 
cal requirements if the reduced section is not consider- 
ably wider than the welding groove. Also the location 
of specific gravity samples as specified in the Code does 
not totally include side wall defects. In many cases 
the specific gravity came up to requirements, where 
radiographically the joint was undesirable. 

In production work these same records are maintained. 
This constitutes a perpetual qualification test of welders. 
This company has produced many unfired pressure 
vessels and boilers before and since the adoption of the 
present Code. All such welds were, of course, made by 
qualified welders. A compilation of the test records 


of these to within a short time ago gave the following 
results: 


% 
Average Results Failures 
51% elongation of 


Test 
Free bend test 


outer fibers 0 
Transverse tension 59,500 Ib./sq. in 0 
Specific gravity, all weld metal 7.845 0 
Yield point, all weld metal 41.300 Ib./sq. in. 0 
Elongation in 2” all weld metal 31.75% 0 
Tensile strength, all weld metal 61,200 Ib./sq. in. 0 


Non-Destructive Tests 


Physically the most noticeable superiority of this 
welding over that of unqualified welders is in consistency. 


There is very little difference in average physical re- 
sults. The difference is most clearly shown by radi- 
ography. X-ray examination, as applied to this par- 
ticular welding process, has proven a more rigid inspec- 
tion tool than the physical testing of attached samples. 
The maximum porosity allowed has been much less 
than is acceptable under the new Code. No complete 
welds have been rejected on the basis of radiography, 
but many local defects have been discovered and re- 
moved. Thesuperiority of X-ray examination over other 
tests is not maintained in every case. Since the com- 
pilation of the above data, two entire welds have been 
rejected and re-welded on the basis of physical proper- 
ties. While the radiographs of these were good and 
the test results above Code requirements, the quality 
was so far below previous standards as to cause re- 
moval and replacement of this metal. From this ex- 
perience, the complete testing of welded vessels, as 
prescribed, is deemed necessary in the production of 
joints of unquestionable quality. 


There are a number of welding processes now in vogue, 
in the fabricating of welded pressure vessels. Each 
is probably susceptible to certain distinct weaknesses. 
A test code should furnish the means of detecting all 
such weaknesses. Manufacturers should willingly sub- 
mit their product to these tests, even though some of 
them may appear unnecessary in some cases. With an 
increase in collective experience, some may be eliminated. 
On the other hand, it may be necessary to add others. 
From the experience gained in the code testing of welds 
made by the above described process, the following 
conclusions have been drawn: 


The Code 


It does not appear probable that doubtful welds 
could result where unfired pressure vessels and boilers 
are built in accordance with the Grade | welding specifi- 
cations of the new A. S. M. E. Code. These require- 
ments are considered to be far from too rigid. The 
preparation of the transverse tensile test specimen could 
be bettered. The preparation of this sample as now 
prescribed, in an attempt to force failure within the 
deposited metal leads to fictitiously high results. It 
may also fail to show the true value of the juncture be- 
tween deposited metal and base material. A reduced 
section 2 inches longer than the width of welding groove 
would lead to more accurate results. The specific 
gravity test does not appear necessary since joints are 
X-rayed. The inspection of joints by X-ray exami- 
nation is held of the highest importance. Welds of a 
quality equal to that of the plate material cannot be 
produced under ordinary visual inspection. 


All of the above applies to grade 1 welding. While 
admitting the sufficiency of grade 2 welding in vessels 
for certain purposes, my company is not in sympathy 
with the leniency of the Code in regard to this classifica- 
tion. In its final form this Code permits grade 2 weld- 
ing of vessels containing explosive gases or liquids. 
While such welding may be perfectly safe in connection 
with plate thicknesses under 1”, its use with plate thick- 
nesses up to 1'/,” is considered unsafe. Also the final 
form of the code eliminates the proposed physical test 
samples for each job. The provision for six months 
qualification test with no intervening checking of re- 
sults is extremely hazardous. Our experience in con- 
nection with grade 1 welding has indicated this. By 
adhering to grade 1 testing specification we have abso- 
lute confidence in the reliability of all welded vessels 
fabricated in our shops. 
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The New Keel 
Multi-Flame Blowpipe 


By PROF. F. C. KEEL 


+ Professor F.C. Keel is the well-known Swiss acetylene 
authority, and Editor of the Swiss Acetylene and Welding 
Journal. He was Secretary of the International Con- 
gress, held at Zurich, 1930. 


HE following article from the Swiss Journal de la 

Soudure gives a description of an interesting and 

important innovation in oxy-acetylene welding, 
namely, the so-called Multi-Flame Blowpipe. It is 
claimed that by its use the speed of welding can be 
increased 50 to 60 per cent, while at the same time the 
cost of the weld is reduced 25 to 30 per cent. The 
introduction of right-hand welding (sometimes mis- 
called backward welding) four years ago gave an in- 
crease in welding speed of 30 to 40 per cent and even 
more. The new Multi-Flame Blowpipe in conjunction 
with the right-hand welding method has thus, within 
four years, been responsible for an increase of from 
80 to 100 per cent in the speed of welding. The speed 
is thus double and, in some cases, three times as great 
as that of the former methods. 


1. Description and Operation of the New Multi-Flame 
Blowpipe. This new blowpipe has several flames ar- 
ranged along the line of the seam. They are also set 
in the plane vertical to the length of the seam (see Figs. 
1 and 2). Each flame has its specific object. Flame 
1 (Figs. 1 and 2) serves to preheat the edges of the 
sheet to red or white heat. This flame operates about 
15-30 mm. from the actual weld. It merely preheats 
the sheet but does not melt it. It can be almost as 
strong as the total flame of the blowpipes at present 
in use. 

Flame 2 serves to melt the edges of the sheet. Since 
these have already been preheated they readily fuse. 
In Fig. 1, flame 2 is serving at the same time to melt 
the welding wire. 


Flame 3 (Fig. 2) preheats the welding wire. Thicker 
wire may be used and a larger quantity can be melted 
in a given time than hitherto. It is promised that the 
amount of wire melted in unit-time will be the subject 
of other communications. 


Flame 3 is specially useful for plate of 10 mm. thick- 
ness and upward. This preheating flame for wire 
may be a little smaller than either of the other flames. 

Two, three or more flames of the blowpipe may 
emerge from the one tip provided with the number of 
orifices or may come from several separate tips (Fig. 3). 
Both methods are feasible. 

As regards the practical construction of the blowpipe, 
it is advisable to make special calculations and studies. 


It is important that the flames should be disposed in 


Fig. 4. 


1 Reprinted from The Welding Journal, May, 1931 
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Fig. 8. 


the plane along the seam. The individual flames are 
separated by about 15-30 mm. and are slightly divergent 
by an angle from 10-45°. 

The seam, when using the new blowpipe, is drawn 
as close together as possible. It is narrower than 
hitherto and, in any case, narrower than if the same 
total flame strength had been concentrated in one blow- 
ipe. 

A knife-edge or flat flame is conceivable, and blow- 
pipes to give such a flame are being made. 

The Multi-Flame Blowpipe, however, realizes the 
advantages of the flat or knife-edge flame which is, in 
practice, very difficult to produce. Its object is achieved 
by using the multi-flames on the seam. It appears 
that the bi-flame blowpipe is sufficient for sheets of 
2-10 mm. in thickness, while for those of 10-mm. and 
greater thickness, the tri-flame blowpipe is used. It 
may possibly be found that the bi-flame blowpipe is 
satisfactory on the thicker plates. 

If bi-flame and tri-flame blowpipes can be made 
which do not back-fire, it should be possible to pass on 
to those having four or five flames, depending on the 
skill of the manufacturer. 

Attempts have already been made to speed up weld- 
ing by using more powerful blowpipes. It is recog- 
nized, however, that this method has very narrow limits. 
In practice, with a single-flame blowpipe, not more 
than 100 liters of acetylene per mm. thickness of metal 
can be burned per hour without risk of over-heating 
the metal and melting it away. With the new Multi- 
Flame type blowpipe, on the contrary, more powerful 
blowpipes, using 130 to 160 liters of acetylene per hour 
per mm. of thickness can be used. 

The following table shows number of flames to be 
used for the various thicknesses and the consumption 
of acetylene per hour: 


Thickness No. of Consumption of Acetylene. 
of Metal ,. Flames Liters/Hours 
1 1 100 = 1 X 100 
2 1 200 = 1X 200 
4 2 600 = 300+ 300 
6 2 1000 = 500+ 500 
8 2 1400 = 700+ 700 
10 2 1800 = 900+ 900 
12 2 2000 = 1000 + 1000 
15 3 2500 = 8385+ 835+ 830 
20 3 2700 = 900+ 900 + 900 
25 3 3000 = 1000 + 1000 + 1000 
30 3 3600 = 1200 + 1200 + 1200 


2. How the Multi-Flame Blowpipe Is Operated. The 
use of the bi-flame blowpipe is shown in Fig. 4. This 
applies to sheets of from 2 to 10 mm. in thickness. The 


Fig. 9. 


welder holds the blowpipe in the right, and the wire in 
the left hand, in the usual way. He welds with the 
left-hand flame, while preheating the wire with the right. 
He need devote no special attention to this latter, but 
can concentrate on the actual welding flame. He need 
only make sure that the preheating flame plays into 
the seam, which follows automatically if the blowpipe 
is correctly handled. 

Toward the end of the seam the welder gradually 
turns the blowpipe in the usual manner (Fig. 5) so that 
the right-hand flame becomes horizontal and acts as 
the welding flame while the other quickly preheats the 
wire, a particular advantage at the eud of the weld. 

The tri-flame blowpipe is used when welding rather 
thicker plates (Fig. 5). The middle flame again serves 
for welding, the right-hand one preheats the seam and 
the left-hand preheats the filling rod. The two or the 
three flames may be of about equal strength. It is 
believed, however, that the preheating flame may be 
smaller than that for welding. 

The welder must be careful to hold the blowpipe so 
that the flames are vertical to the seam, and that all 
lie accurately along its line. 

3. Results of Tests. A long series of tests have been 
carried out on sheet iron, comparisons being made 
throughout with the single flame blowpipe. 

The following are tables of Blowpipe Strengths and 
Welds made: 


(a) Blowpipe Strengths 


Thickness 
of Sheet Single Flame Blowpipe Two-Flame Blowpipe 
in mm. Q = 1000s. Q = 1400s. 
1 100 liters/hour 
2 200 liters/hour 140+ 140 = 280 
4 400 liters/hour 275 + 275 = 5650 
6 600 liters/hour 400 + 400 = 800 
8 800 liters/hour 550 + 550 = 1100 
10 1000 liters/hour 700 + 700 = 1400 
15 1500 liters/hour 1000 + 1000 = 2000 
20 2000 liters/hour 1400 + 1400 = 2800 
Q = The number of liters of acetylene per hour. 
s = The thickness in cm. 


(a) Strength of Blowpipe. The results show that the 
Multi-Flame Blowpipe can be used with 40 per cent 
more acetylene than the single flame type. 

(b) Welding Speed. ‘The average increase of rate given 
by the Multi-flame is 50 per cent. 

These figures, are, so to speak, ideal, and represent 
the actual welding speed at any moment, but the mean 
rate, taking into account pauses for adjustment, etc., 
which arise in practice, is 25-40 per cent greater than 
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(b) Time for Welding 1 m. Seam (Butt Welded). 


Thickness Old Single Flame New Multiple 
of Sheet Blowpipe Flame Blowpipe 
in mm. t = 45s. t = 30s. 

6 27 minutes 18 minutes 
8 32 minutes 24 minutes 
10 45 minutes 30 minutes 
12 54 minutes 36 minutes 
15 75 minutes 45 minutes 
20 90 minutes 60 minutes 


t = The time for welding a seam of 1 meter. 
s = The thickness in cm. 


with the single flame blowpipe. For instance, the 
longitudinal welding of a cylinder 1130 mm. long of 
8 mm. sheet, including several minutes pause, required 
only 32 minutes. The similar welding of a cone 1680 
mm. long and of plate about 9 mm. thick, including 
time spent on adjusting the joint, required 72 minutes. 

The advantage of the Multi-Flame is specially marked 
with sheets 6 to 30 mm. thick, but even for thicknesses 
of 2, 4 and 5 mm. it is quite definite, and better and 
less diffused welds are obtained in shorter time. 

The gas consumption per meter of weld shows no 
great reduction for the reason that a more powerful 
blowpipe is used. A single flame blowpipe consuming 
1000 liters of acetylene per hour welds about 140 cm. 
of 10 mm. plate or, in other words, consumes 7 liters 
per cm. A bi-flame blowpipe using 1400 liters per 
hour welds about 200 cm. of seam, thus again using 7 
liters per cm. 

The advantage of the Multi-Flame Blowpipe lies in 
the saving of time, the reduced distortion of the metal 
and the superior quality of the weld. The claims made 
for this new blowpipe have been granted by such ex- 
perts as Herr Dreyer, late head of Constructions Work- 
shops of Swiss Federal Railways, at Olten, and by 
Messrs. Sulzer Bros., of Winterthur, in a series of prac- 
tical tests. An investigation of the strength of such 
welds is being carried out and will be reported on sepa- 
rately. 

4. Advantages of the Multi-Flame Blowpipe When 
Welding Lapped Plaies and Plates Standing Vertically. 
This blowpipe has shown marked advantages when used 
on ordinary butt welds (Figs. 4 and 5). It was first 
tried on this type of weld, which should be its most 
effective field of use, but for it to be of universal appli- 
cation, it should work equally well on all possible types 


Fig. 10. Fig: 11. 


of metallic construction. Consequently, it has been 
applied over a considerable period to all kinds of welds: 
lap, sharp angles, profiles and to lines of fillet for rein- 
forcement. In all these cases the superiority of the 
Multi-Flame is apparent. 

(a) Corner Welding. This welding, in any case rapid, 
can be done still more quickly with the Multi-Flame 
Blowpipe. With a bi-flame on 8 mm. plate, a meter of 
seam can be welded in 17 minutes. 

(6) Very notable advantages are shown by the Multi- 
Flame Blowpipe on lapped and T-joints. 

Lapped sheets (Figs. 7 and 8) can be welded by this 
method very much better than hitherto, and it is safe 
to say that it can be done in any position. 

The prehéating of the lower plate by flame | is, in 
this case, extremely valuable. 

Flame 2 thus works on the preheated plate and melts 
the metal without difficulty. Needless to say only 
the right-hand method is employed. 

The blowpipe should be held so that the preheating 
flame (right) strikes the lower sheet a little further 
from the edge of the upper sheet than does the welding 
flame (left). Both flames are at an angle of about 60° 
to the lower sheet. 

With this Multi-Flame Blowpipe a lap joint can be 
welded faster than a butt joint with a single flame. 
On 10 mm. sheet, 30 minutes are required for welding 
one meter. 

(c) The above applies equally to T-joints on sheets. 
On 10 mm. sheet, welding one fillet only, 30 minutes are 
required for one meter. 

In the above two cases the effect of the preheating 
flame is particularly noticeable. Indeed, it may be 
said that for lap and T-joints the Multi-Flame Blow- 
pipe gives the only really convenient method. This 
is of the greatest significance in steel construction, 
replacements of cast iron parts and tank welding. 

(d) The Multi-Flame Blowpipe is valuable in welding 
plates on to girders or the like and especially for rein- 
forcements (Fig. 10), since relatively narrow zones of 
fusion or fillets can be produced. 

This work is likewise rendered much more easy. 

(e) The flange welding of two sheets or strips of equal 
length (Fig. 11) is also made much simpler. This appli- 
cation is, for instance, of interest in attaching reinforce- 
ment rings and in welding the bottoms of tanks. 

(f) The Multi-Flame Blowpipe is particularly effec- 
tive in fusing reinforcements fillets on to thick ma- 
terial. Flame 1 preheats the plate suitably while flame 


Fig. 12. 
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3 preheats the wire of “‘addition’’ metal which can be 
used in a very thick form, for instance, 10 mm. and 
more in diameter. By this means, further, very narrow 
and at the same time high fillets of added metal can 
be welded on. 

In one application the Multi-Flame Blowpipe can 
weld on sheet 20 mm. thick. 

5. Size and Weight of Welding Wire. With the 
Multi-Flame the amount of wire used is greater than 
with the single flame. According to our figures the 
following amounts of wire can be used per minute: 


In general, with the Multi-Flame thicker wire can be 
used for a given gage of plate. Plates 8 and 10 mm. 
thick can regularly be welded with 6 mm. wire, of which 
1800 grams can be used per hour. 

Using a two-flame blowpipe consuming a total of 
2000 liters of acetylene per hour and welding wire 10 
mm. thick, over 2 kilos of wire can be melted per hour. 
In future, every attention will be given to the quantity 
of wire worked, since the rate of work depends thereon. 
The weight of wire used gives a direct measure of the 
effective welding done. 

6. With and Without Scarf. With the Multi-Flame 
a great deal more welding may be done without scarfing 
the edges of the plates, by setting the edges apart at a 
distance equal to half the thickness of the sheet. Under 
these conditions plates of from 6 to 8 mm. in thickness 
may be welded without scarfing, especially if the under- 
side of the joint can subsequently be welded. 

It is now possible to make the angle of scarf smaller 
than hitherto. It is sufficient to make it about 20° to 
30° on each side, giving a total angle of from 40° to 
60°. Further, less welding wire is used than formerly. 
This is also an advantage. 

7. Improved Quality of Welds Made with the Multi- 
Flame Blowpipe. Welds made with this blowpipe are 
better than with the older method. Welding can be 
done with greater certainty and reliability. Occasional 
welding faults have hitherto been found chiefly in the 
welded seam. The welder often had difficulty in melt- 
ing the lower edge of the scarfed sheet equally and effec- 
tively. If he tried to get over this trouble by using a 
more powerful blowpipe, the metal easily ran away 
without the edges melting together. Unsightly lumps 
on the reverse side of the seam is the consequence, to 
say nothing of the uncertainty of the quality of the 
weld. With the Multi-Flame Blowpipe, on the other 
hand, because of the preheating applied, the melting 
of the lower edge is much more reliable. 

8. Appearance of the Welded Seam. With the Multi- 
Flame Blowpipe, the zone of fusion along the welded 
seam is narrower than hitherto, and for a given thickness 
of plate the melting of the edges goes back a shorter 
distance. 

9. The Amount of Distortion Is Minimal. A notable 
advantage lies in the very slight movement of the edges 
of the sheet during welding. As is well known, it has 
been customary when making long seams on sheet metal 
cylinders to allow an angular opening of 2 to 3 cm. per 
meter of length. This virtually ceases to be necessary. 
Because of the rapid advance of the point of welding 
and the narrowness of the heated zone, the edges of 
the sheet either do not move or at most only slightly. 
Hence all the former troubles due to distortion dis- 


appear. 


10. The Construction of the Multi-Flame Blowpipe. 
This raises afresh some problems of blowpipe construc- 
tion and offers new solutions to them. As a rule, the 
Multi-Flame Blowpipe for both high and low pres- 
sure—it can be used for both kinds of acetylene—has 
one head with two or more orifices bored therein. To 
safeguard the blowpipe against back-firing—it must 
work under severe conditions, i.e., on very hot metal 
special attention must be paid to the form of the orifices. 
They must have a certain minimum length in order to 
give the gas stream adequate stability or sufficient 
kinetic energy. The speed at which the gases emerge 
should be 100 to 150 m./sec. having regard to the neces- 
sary kinetic energy mentioned above. Inside the blow- 
pipe head there must be no projections or dead space. 

Entirely separate tips for each blowpipe may be 
considered, or even the arrangement of a separate in- 
jector for each flame. The essential feature is the 
multiple flame, which can be achieved in various 
ways. 

Special attention must be paid to the design of the 
injector. 

11. Cooling the Blowpipe. In order to meet the prob- 
lem of cooling the blowpipe, its construction has necessi- 
tated an innovation. The Multi-Flame Blowpipe is 
naturally exposed to its own greatly enhanced heat. 
Hitherto tips and pipes have been made chiefly of brass 
or copper. The choice of copper, if closely considered, 
is wrong, because copper, up to now in practice always 
bare copper, readily transfers heat from outside to the 
gas mixture which it is conveying. The question was 
raised as to whether greatly increased insulation against 
the entry of heat was necessary, and this was at once 
supplied. It consists of a covering of asbestos string. 
The tip and the burner pipe of the Multi-Flame are thus 
covered with asbestos to diminish as far as possible 
the effect of heat. Heat, absorbed on the tip of the 
blowpipe is dissipated by means of the incoming stream 
of gas. 

This idea can also be applied to the ordinary welding 
blowpipe. The pipe should be wrapped round with 
asbestos string or fabric. This is an effective protection 
against back-firing. 

12. Low Pressure or High-Pressure Multi-Flame Blow- 
pipes. The Multi-Flame Blowpipe can be constructed 
to work either as a low pressure or as a high pressure 
blowpipe. It can be ‘‘fed’’ equally well with acetylene 
from a generator, with dissolved acetylene or with 
acetylene from a compressor. 

13. Cutting. The Multi-Flame Blowpipe is useful 
for cutting. The cutting blowpipe with the two-flame 
pre-heater gives a quicker and cleaner cut. This ap- 
plies both to thin and to thick plates. 

14. Bending Profiles. The Multi-Flame Blowpipe is 
excellent for bending profiles because it enables a given 
point to be raised quickly to red heat before the heat 
has time to be dissipated. This enables profiles to be 
bent accurately to definite shapes. 

15. The Opinion of the Welder. To begin with, the 
welder who carried out these researches was startled, 
and had some doubts on account of the increased heat. 
It must be admitted that at the beginning the blowpipes 
were more powerful, being twice the strength of those 
hitherto selected. The inconvenience which was feared 
did not arise. Very soon the welder appreciated the 
improved melting of the metal, which was produced by 
the preheating, and had no desire to return to the old 
blowpipe. A few back-fires in the blowpipe were re- 
garded as mild infantile troubles, and were quickly 
overcome. 
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The Welding of Steel 
Structures in 


Germany 
By WERNER BOOS 


+This article was prepared by Dipl.-Ing. Werner Boos of 
Hannover, Germany. The complete article included in- 
formation on the rules adopted for steel structures in 
Germany which has previously been published in abstract 
form in the Journal. 


ELDING techniques have been duly appreciated 

in Germany, too, when in January, 1930, the 

“Rules for Welding of Steel Superstructures”’ 
(Richtlinien fiir geschweisste Stahlhochbauten) were 
published and approved in Prussia by decree of the 
Minister for Political Economy (Minister fiir Volks- 
wohlfahrt), the 10th of July of that year. As a matter 
of fact, a large number of steel structures which have 
been welded within the last year, e.g., railway as also 
street bridges, shops and station halls, office buildings, 
cranes, ete., give evidence for the theoretical, practical 


and last but not least psychological improvements in 
this sphere. 


Description of Some Up-to-date Welded 
Super Structures in Germany 


At the German Building Show (Deutsche Bauaus- 
stellung) in Berlin which took place from May 9th up 
to August 2nd there were to be seen in the group “Steel” 
(which was under the control of the German Steel Build- 
ing Association) various welded buildings and also models 
and sketches of welded steel structures which have been 
built by German firms within the last months. 

Two regenerator gas welded buildings were a big suc- 
cess, particularly by reason of the fact that in this coun- 
try steel structures are mostly arc welded. This ex- 
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. Welding the Fra Corners Simultaneously from Top 
Underside 


Fig. 2—Purlins and Trimmers 


hibition has therefore proved that gas welding, too, 
has sometimes points of superiority, and that the con- 
tractors have in each individual case to select such 
welding process as is the most profitable one for them. 

The one example for this assertion is an exhibition 
hall in the open fields of the Building Exhibition. That 
hall consists of two parts, one of them being long and 
low, the other one short, but somewhat higher, with the 
following measurements: 68 m. and 22 m., respectively, 
in length, 4.9 m. and 6.5 m., respectively, in height. 
Weight of the steel structure is about 50 tons. 

For building this hall, the architect had stipulated 
that neither rivets nor screws were to be used. Weld- 
ing was therefore required. Needless to state that lay- 
ing the current supply main on the building yard with 
the help of arc welding would have been very expensive. 
Consequently the contractor used arc welding in the 
shop, but the gas welding process was used for all such 
work which had to be made on the building ground. 
The ‘‘Karbid-Vereinigung’’ undertook this welding work 
with the use of cylinder gas (dissolved acetylene), 
whereas the firm of Breest & Co., Berlin, supplied the 
structures. 

First of all, the frame corners were welded, the baffles 
having already been arc welded to the holders (Stiele) 
in the shop. They were connected to the pawls on the 
building yard itself by gas welding, welding being done 
simultaneously from top and below (i.e., overhead) 
(see Fig. 1), so as to prevent any deformation what- 
ever, and also to avoid the expense of turning the work 
around. The outside corners were secured by cover 
plates and the inside projecting baffles were completely 
welded. 

When this work was done, the Municipal Town Sur- 
veyors tested the frames by means of a spring dyna- 
mometer which was placed between the holder ends, 
and found everything satisfactory. 

When the total structure of the high hall was erected, 
the purlins were welded into same. (Fig. 2). This 
kind of work was also done simultaneously on both 
sides. The bracings which are seen in that illustration, 
have been removed afterward, and the holes for the 
bolts were closed by welding. 

The trimmers between the single purlins were welded 
in simultaneously from four sides with the result, that 
deformation inside the purlin fields was prevented. 

Apart from the overhead welding work at the frame 
corners, all other parts to be welded were favorably 
situated for the welding workmen. 

This was indeed the first time that so much gas weld- 
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Fig. 3— View of the Diving Tower 


ing was done in Germany. I have therefore desisted 
from working out a specification of the quantities of 
gas, oxygen and additional steel wire which had been 
made use of, more particularly as the respective parts 
of the hall had been thought out and constructed for 
arc welding, but not for gas welding. If from the be- 
ginning one had specified gas welding, it would have 
been necessary to arrange and prepare the welded joints 
in some other manner. Nevertheless the hall is an 
instructive example for the use of such welding process as 
is the most profitable in each individual case. 

A further example for the profitable use of the gas 
welding procedure is given by the Jumping Tower for 
Swimmers (also to be seen at the German Building 
Exhibition). Particularly by reason of its really strange 
shape, this tower has soon become an universal attrac- 
tion for the visitors. Being made of tubes with thin 
walls, it cannot be the question of arc welding in this case. 

Figure 3 is a view of the tower (9.75 m. in height), 
the 3 spring boards of which are fixed at a height of 2.6 
m., 6.0 m. and 9.0m. The measurements of the floor 
space at the framing site are 0.80 x 1.50 m 

The pipe sections as also the welded joints have been 
calculated with the provision that any and every plat- 
form is:loaded by. 400 kg./m.? and, apart from this, 
with a view of taking into account the effect of impact 
while a swimmer is: jumping, by a vertical single load 
of 400 kg: and a horizontal load of 100 kg. at the most 
remote point, with the understanding that all forces are 
working simultaneously. The tower being thought out 
‘or a swimming hall, wind pressure was disregarded. 


The four holders (Stiele) up to the first bending point 
of the structure consist of continuous pipes with an out- 
side diameter of 4 inches and a wall thickness of 3.75 
mm. The upper portions of the sections are compara- 
tively smaller. The web members of 2'/s-inch diameter 
are connected without the help of gusset plates (Fig. 4), 
a safe proceeding because only comparatively trifling 
forces are to be taken into account with the simple 
gussets. The same does not apply, however, to the 
bending points, with sometimes six adjoining rods of 
various diameters. For such complicated joints which 
are under severest stress, the use of gusset plates is 
strongly advisable. It may be that the connection 
seams would as per calculation. Nevertheless one need 
not forget that the point of intersection of the rod axes 
lies in a material free zone whereby certain moments 
present themselves which one cannot neglect. The 
project contained here also gusset plates to which the 
slitted pipes had to be connected. For want of time, 
however, this was not possible. Only stiffening plates 
were therefore welded into corners, which were but a 
partial substitute. 

The bonds between the principal girders of suspen- 
sion are shaped frame-like. In the planes of the small 
sides the frame effect is still considerably increased by 
ladder rungs consisting of 1'/s-inch thick pipes which 
were not taken into account in the calculation. The 
platforms which can be considered as rigid, together 
with the oblique frames support the torsion moments 
arising from lateral jumping of swimming people. 

The tower must be constructed in three portions in 
order to facilitate its transport from the shop to the 
site of erection. The lower part reached up to the 
gussets of first bending. In the upper Z-shaped part, 
all rods were cut through below the topmost bending 


Fig. 4—Six Members Joined Together at One Point 
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and united by welding but on the building yard. Here- 
after, and by means of a crane, the complete Z-piece 
was hoisted and welded to the already erected lower 


part. Apart from these joints, all further welding work 
was done in the shop itself. As the tower had to be 
ready within five days, including its foundation and erec- 
tion, various matters connected with the work must be 
simplified. Design as also calculations have been sup- 
plied by Mr. O. Bondy, Dipl.-Ing. at Berlin. 

Some interesting structures with are welding were 
also to be seen at the Show. Most instructive was for 
instance the double hinged frame (10 m. of span) of 
a small work hall with a floor space of 20 X 10 m. 
Various cross sections as also joint shapes have been 
chosen for the four frames of that hall, with a view of 
trying out, whether same are appropriate from the 
welding point of view. 

Figure 5 shows a system point—also a portion of that 
hall—whose three rods are all in compression. The 
connection with a round closing plate of the thicker 


Fig. 5—Gusset of Three Pipes 


pipe and a web attached vertically to same is most 
simple, ingenious and clever. All welding work con- 
nected with this hall was done with the help of alternating 
current. 

Figure 6 shows the crane track column of a work 
shop hall (80 m. in length and 40 m. in width) which 
has been constructed and erected by the firm Beuchelt & 
Co. at Griinberg in Silesia, by means of are welding. 
The trusses of this hall (exhibited by a model) have a 
span between the supports of 21.76 m. and a distance 
of 15.80 m. When two trusses were loaded with 124 
tons for trial purposes—corresponding to the calculated 
total load including wind and snow—the welds proved 
to be satisfactory from all points of view. Asa matter of 
fact, the deflections did not reach the calculated values. 
The points of superiority of this welding method as 


Fig. 6=Crame Track Column of a Workshop 


compared to riveting are embodied for instance in the 
economy of weight which is about 24%. This saving 
ranged about within the same limits which are also in 
force for similar buildings in the United States of America. 
Figure 7 represents the completely welded apron (screen) 
of the gable wall (22 m. of width.) 

A coal bridge whose outline was to be seen at the 
Building Show, too, is the best proof of the fact that 
in Germany even structures of largest measurements 
are built up by arc welding. This bridge; actually being 
constructed for one of the biggest and well-known gas 
generating works at Berlin, is indeed erected by means 
of completely welded plate girders. Having ten open- 
ings with a total length of 183 m., once completed it 
will be one of the largest structures which have been 
built up by welding. 

Welded plate girders with a height of 125 cm., the 
model of a welded platform roofing, different system 
points and welded profiles complete the view. 


Welding Technique in Germany 


At present, in Germany are welders use chiefly con- 
tinuous current and bare electrodes. As alternating 
current welding requires the use of coated or covered 
electrodes which are far more expensive than bare ones, 
such method is as a rule considered to be less economi- 


cal. It seems, however, that alternating current welds — 


with coated electrodes will come more and more in favor. 

Lately particular attention has been given to the 
question of how to shape members. With the welded 
steel structures, experience has shown that the rolled 
bars (Walztrager, Walzprofile), which are used at present, 
do not at all answer the purpose, from the welder’s 


Fig. 7—Screen of the Gable Wall of the Workshop 
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Table I—Special | -Profiles with Parallel Webs, Obtained by Dividing I-Beams with Equal Halves during the Rolling Work 


| 
h 
| h 
e 
1% % 0% 
| [=| 
h>b h=b h<b 
Measurements For the Bending Axis 
— 
Form Designation — Radius Area, | Weight, é, ls 
Width | Thick- | Height | Thick of the em? | Kg./m.| em. ay s. low Sy 
b, ness, ness, rounds, | 
mm. mm. mm. mm. mm. cm. cm em.‘ cm 
a {P 11.9-14 (half 128) 119 15.2 140 10.1 10.1/6.1 30.6 24.0 3.67 528 51.1 182 30.6 2.90 
b LP 14-14 (half 128) 140 18 140 12 15/7 .5 40.2 31.5 3.5 640 | 60.9 358 51.1 1.79 
c LP 14-12 (half 128) 140 18 120 12, 15/7.5 37.8 29.6 2.9 408 | 44.8 357 51.1 1.14 
a 1P 13.1-16 (half 132) 131 17.3 160 11.5 11.5/6.9 38.9 30.6 4.27 888 | 75.7 277 | 42.4 3.20 
b LP 16-16 (half 132) 160 18 160 12 15/7.5 46.1 36.2 3.9 975 80.5 527 65.9 1.85 
¢ LP 16-14 (half 132) 160 18 140 12 15/7 .5 43.7 34.2 3.3 662 | 61.8 527 65.9 1.26 
a JP 14.3-18 (half 136) 143 19.5 180 13 13/7.8 48.6 38.1 4.87 1416 | 107.8 409 |} 57.0 | 3.46 
b LP 18-18 (half 136) 180 20 180 13 18/9 57.0 44.7 4.3 1525 | 111.4 838 93.1 1.82 
c LP 18-16 (half 136) 180 20 160 13 18/9 54.4 42.7 3.7 1078 87.7 838 03.1 | 1.26 
a LP 15.5-20 (half 140) 155 21.6 200 14.4 14.4/8.6 59.0 46.3 5.47 2234 | 153.8 580 | 74.5 | 3.85 
b LP 20-20 (half 140) 200 20 200 13 18/9 63.5 49.8 4.8 2113 | 138.6 | 1110 110.1 | 1.81 
c LP 20-18 (half 140) 200 20 180 13 18/9 | 60.9 | 47.8 4.1 1559 112.51 1 1.42 


110 110 


I = Moment of inertia. 
W = Resistance-moment. 


point of view. The rolling mills are, therefore, trying 
to adapt themselves to the altered constructional condi- 
tions. The Rolling Mills at Peine, near Hannover, 
Germany, already make special profiles which are 
better suited for welded structures than those in use 
up to now. Such so-called ‘“‘semi-profiles’’ are ob- 
tained during the rolling work by dividing I-beams, into 
equal halves and same possess a web which, combining 
the advantages of favorable width and parallel sur- 
faces, is particularly suitable for the connection of web 
members. Table I contains the measurements as also 
the statical values of the profiles which have been con- 
structed and supplied up to the present. 

Another firm has made the proposal to supply the 
usual rolled profiles with completely rounded off corners, 
as such cross section shapes have great points of super- 
iority in an especial manner for profiles, columns and 
bearers, the various portions of which have been built 
up by welding. Profiles made out of semi-pipes with 
bulbs at the free ends too, possess noticeable statical 
as also welding technical properties. Such bulbs are 
provided for the purpose of facilitating welding of pro- 
files which have comparatively thin walls, with the 
help of the electric arc. As compared with pipes, they 
have the advantage that the connections can be con- 
structed in a far more simple manner and, at the same 
(me, from the statical point of view as first class work- 
manship. 


The reinforcement of bridges presents an important 


field of welding application. At the Technical High- 
school in Darmstadt, noteworthy tests have been carried 
out with a view of ascertaining the cooperation of riveted 
and welded joints, with the results that welded seams 
absorbed 64%, but rivets only 36% of the forces. It 
may be that by means of welds in future one can, in 
the case of bridge reinforcement, determine the dis- 
charge of load which is necessary with riveted work, 
because the reinforced cross section takes up a larger 
portion of the useful load than the already previously 
existing riveted joints. 

On the other hand, the German Railway Management 
is now testing most thoroughly any and every descrip- 
tion of dynamic influences on welded joints. At the 
before- mentioned Building Show, various machines 
were to be seen which serve for the purpose of trying 
out the vibration strength of welded structural members. 

But German engineers are still highly interested in a 
great many other problems, questions connected with 
tension due to shrinkage and how to do away with such 
drawback, further the distribution of tension in welded 
joints, which problem has been examined by the Ger- 
man Steel Building Association (Deutscher Stahlbauver- 
band) together with the German Railway Management, 
in ingeniously-thought-out series of tests, further the 
matter of improving the welds, finally the properties as 
also composition of the electrodes and so on, many other 
points of interest to which it is even impossible to make 
allusion. 
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Specifications for 
Welded Piping for 


High Temperature 
and High Pressure 


Steam Service 
By F. W. MARTIN 


+Read before the 32nd annual convention, International 
Acetylene Association, Chicago, Illinois, November ll, 
12, 13, 1931, by F. W. Martin, Sargent & Lundy, Inc., 
Chicago. 


HE USE of welding for joining together the 

various sections of pipe in high pressure steam 

lines in power plants is receiving more and more 
attention. At the present time only a few engineering 
firms are using welding for complete steam plant in- 
stallations at high pressures and temperatures. Many 
engineering firms, however, have made use of welding 
for minor work around the steam plant or for repairing 
and maintenance. 

Steam pipe lines as installed in modern power stations 
involve great hazards and must operate under very 
severe conditions. Steam pressures of 450 Ib. and 650 
lb. are common practice with corresponding tempera- 
tures of 700° F. to 750° F. Steam pressures of 1200 Ib. 
to 1400 Ib. are in use in many stations with temperatures 
of 750° F. to 850° F. The use of these latter pressures 
and temperatures is rapidly increasing. 

This service is somewhat different from oil refinery 
practice in that the piping is usually in a more restricted 
space and is almost always larger in size. Steam mains 
12 to 16 in. in diameter are common practice, while in 
oil refinery work pipe lines are not usually much over 6 
inches in diameter. The wall thickness of a 14-inch 
steam pipe to carry steam at 1200 to 1500 Ib. pressure is 
nearly 1'/s in. Due to the restricted space in which 
this must be installed, the expansion and contraction 
with changes in temperature become a considerable 
factor and the stresses set up in the pipe because of this 
may be 10,000 or 12,000 Ib. per square inch, as computed, 
and probably even higher in actual practice. Because 
of these extraordinary conditions only the very highest 
type of welded work can be countenanced. A failure 
in a large steam line might cause not only property 
damage amounting to possibly a million dollars, but 
might also involve the loss of several lives. 

There are two methods of welding which may be used: 
the arc weld or the acetylene weld. To date most of 
the steam pipe welding in power plants has been done 
by the acetylene process, although some low pressure 
jobs, that is, for not over 250 Ib. steam pressure, have 
been done by the electric arc method. Acetylene is 
apparently preferred by most of the large piping fabri- 
cators for this work because they feel that the weld 
material in the acetylene joint is more ductile than in 
the ordinary electric arc joint. In the case of shop 
welding of drums and such where it is possible to stress- 
relieve and to roll the work to the welder so that he is 


always working on a horizontal surface, the electric arc, 
either plain or with various shielding modifications 
such as is produced by heavily coated rods, is used very 
successfully, and probably to a greater extent than the 
acetylene process to the present time. 

With the increasing steam pressures and steam temp- 
eratures being used in power plants the conventional 
flanged joints on large pipes are heavy, clumsy and 
unwieldy and therefore more or less unsatisfactory. 

The author recently witnessed a test on a 20-in. steel 
flange joint designed to withstand 1500 lb. steam pressure 
at 750° F. Each flange weighed approximately 1500 
Ib. and each stud with its two nuts weighed over 50 
Ib. It was practically an impossibility to tighten up 
this joint with the conventional wrenches and recourse 
was had to expanding the studs by an electric heating 
element inserted in a hole along the centerline. The 
nuts were drawn up to a snug fit while the stud was hot 
and the tightening completed by the contraction of the 
studs as they cooled. This joint impressed upon the 
writer more than ever the necessity for developing 
welding and welded pipe joints to such a point that 
engineers will have sufficient confidence in welding to 
depend upon them instead of these clumsy flange joints. 

The welding of steam piping may be subdivided into 
two classes: first, work which may be done in the shop, 
where supervision and facility of control and ease of 
operation are good, and, second, field welding, in which 
the supervision and control must necessarily be more 
difficult, and where the work must frequently be done 
under conditions of personal discomfort to the welder. 
In the case of shop welding it is frequently, if not always 
possible to stress-relieve the welds after they are made 
as well as keep a close watch on the work in progress 
so that this class of work should be as near perfect as 
welding can be done. The personal element should be 
pretty well eliminated if proper methods of inspection 
and supervision are employed. In the case of field 
welding the personal element must of necessity be given 
greater weight, since in this case stress-relieving of the 
finished weld is practically impossible and inspection 
methods cannot be as thorough as in the shop. 

A specification for welding to be satisfactory must 
first insure that the welder is competent to make first- 
class welds, and that he is of a mental and moral character 
to be entrusted with work of great responsibility; and 
second, it must inform the workman what kind of work 
is required in such terms that there will be a minimum 
of misunderstandings and errors in interpretation; 
third, it must provide for supervision and inspection to 
insure that the finished work is as called for in the speci- 
fication and will fulfill the requirements desired. 

This paper is made up of abstracts from many welding 
specifications used by different concerns which have 
come to the author’s attention during the past year and 
embodies the author’s ideas as to some of the points 
which must be covered in such a specification. . The 
present paper is limited to the oxy-acetylene process 
since this is more generally used for this class of work 
at the present time, and this group is more particularly 
interested in that type. 

Several qualification tests of varying degrees of com- 
plexity have been proposed by various authors, all of 
which are probably satisfactory for some particular 
welding operation. However, for high pressure steam 
pipe work only the very highest grade of welding can be 
permitted because of the extreme hazards and the very 
arduous service which such joints must endure. The 
author, therefore, feels that the qualification test for 
welders for this type of work cannot be too stringent. 
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The first requisite for a welder is several good references 
as to his moral character, experience, habits and ability. 
These supplemented by a personal interview is about 
all that can be done along the line of character analysis. 
The next requisite is an adequate test of his welding 
ability. 

Figure 1 shows a qualification header used, with 
slight modifications, by the Consolidated Gas & Electric 
Company, the Detroit Edison Co., and others to test 
welders for their steam pipe line work. The welder is 
instructed to prepare the pieces for welding and weld 
them in accordance with the following instructions: 


The header is made up of two lengths of the pipe, 
which is to be welded in actual service, not less than 6 
in. in diameter, and not less than 18 in. long. A single 
“V"’ butt-weld is used to join the two pieces together. 
The ends are closed with a flat plate welded in; a 3-in. 
nozzle is welded into one side with a single ““V”’ weld; 
the end closed with a welded plate; a */,-in. nipple 
is welded to the other end of the header with a single 
‘“V’’ weld as shown. 


The butt-weld joining the two pieces of pipe is a 


position weld; the welder moving around the joint, 
which is held stationary during the work. Likewise 
one of the closed end welds is made in a horizontal over 
head position. The other in the normal horizontal 
position. These welds are all made without moving 
the work. The remaining three welds can be made in 
the position most convenient to the welder. 
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After, the header is cool it is subjected to a hydro- 
static test to destruction. The welds must not fail 
below the hydrostatic pressure specified in Fig. 1 for 
the pipe used. If any of the welds show slight pin- 
hole leaks the pressure may be released and the welder 
may repair these once. Failure to hold a second time 
rejects the welder. 

After passing the hydrostatic test the header is sawed 
longitudinally into four sections. At lease one cut is 
made through what appears to be the weakest part of 
the weld. The sawed cuts are then ground off and 
polished, and the weld section etched with a 10% 
aqueous copper ammonium chloride solution or a 20% 
aqueous ammonium persulphate solution. Examination 
of the weld sections must show the proper preparation 
of bevels and root spacing. Weld metal must be 
thoroughly sound and free from visible amounts of slag, 
cold shuts, blowholes and cracks. The weld metal 
shall show full penetration to the inside of the pipe, as 
well as thorough fusion with the base metal and between 
the several layers of weld metal. The amount of weld 
metal in the form of globules extending inside the inner 
surface of the pipe must not be excessive. Failure in 
any of these respects will cause the rejection of the welder. 

This qualification test has been considered rather 
severe by some men conected with welding work. How- 
ever, as I have pointed out, this is a special class of work, 
which necessitates a much higher class of welder and of 
finished product than is permissible in many processes. 
For this reason and in order to instill confidence in 
welding in the minds of the designing engineers I do 
not believe that the qualifications imposed upon the 
men doing the work can be too severe or can be too rigidly 
adhered to. One serious failure in this type of work 
would set back the welding industry at least a decade. 

The problem of describing to the welder in a specifi- 
cation just what is required and how the welding shall 
be done, etc., is fairly well covered in many specifica- 
tions. I have taken the liberty of setting down some 
of the principal items to be covered, most of which 
are copied directly from the code proposed by the 

AMERICAN WELDING SOCIETY: 


Steam Press 250 Lb. 400 Lb. 
Nominal Not Beveled90° Not Beveled 90° 
3/3 
1/s 
1 5/39 
1'/, 5/9 1/s 3/99 
1'/, 1/s 3/9 
2 3/39 
1/5 3/39 
3 1/s 1/s 
31/2 1/5 
4 1/s 5/16 
6 1/5 5/16 
8 5/16 3/16 
10 3/16 
12 1/4 
14 O. D. 1/, 1/4 
16 O. D. 1/4 5/16 
18 O. D. 5/16 5/16 
20 O. D. 5/15 5/16 
24 0. D. 5/16 5/16 


fittings. 


Table I—Spacing “W” Before Tack Welding for Butt Welds in Steel Pipe 


600 Lb. 900 Lb. 1500 Lb. 
Not Beveled90° Not Beveled90° Not Beveled 90° 


Diameter Beveled Incl. Angle Beveled Incl. Angle Beveled Incl. Angle Beveled Incl. Angle Beveled Incl. Angle 


1/5 1/, 
1/5 
1/5 
1/s 3/16 
v/s 
‘ 5/16 
5/16 5/\6 
5/16 5/\6 
5/16 5/16 5/16 


Dimensions from Linde Air Products Co 


Spacing and tacking should always be such that the abutting edges forming the bottom of the vee shall at no time come 
in contact before being welded. The above spacing table should give satisfactory results under average conditions but 


achievement of the purpose of spacing should be the governing factor in all cases. 
sures in accordance with Appendix A of American Standards Association tentative standard for steel pipe flanges and flanged 


Wall thickness of pipe for various pres- 
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All welds not otherwise designated in this specifica- 
tion shall be made by the oxy-acetylene process. 

A specification of the welding rod to be used should 
be included. The several manufacturers prefer that 
this should be by trade name and this is general practice. 
However, such a method is illogical and not to be recom- 
mended. A _ specification by chemical and physical 
properties is much better. 

All pipe joints which are not subjected to bending 
stresses shall be single ““V’’ butt-welds with 25% rein- 
forcement as shown in Figure 2a. 

All pipe joints which may receive bending stresses 
shall be single ‘‘V"’ butt-welds with the weld metal flush 
with outside surface of pipe, and shall: in addition be 
reinforced with a close fitting sleeve arc welded at 
the ends to the pipe as shown in Figure 2b. 

Small nozzles shall be accurately fitted to the pipe 
and tack welded, after which they shall be welded with 
single fillet welds penetrating to the inner surface of the 
pipe. In the case of nozzles of pipe one-half the di- 
ameter of the principal pipe or larger, the weld shall be 
reinforced by a close fitting pad completely surrounding 
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BUTT WELD WITH WELDED SPLIT SLEEVE 


4 BRACING PLATES 


ACT WELO 


Fig. 3 


the nozzle and welded to the nozzle and the pipe. This 
will compensate for the metal removed in cutting the 
hole for the nozzle. See Figure 3. 

All welds shall be of sound metal, thoroughly fused to 
the base metal at all joints, and free from oxidation, 
blowholes, cracks and non-metallic inclusions. An 
etched section, when required, shall show the weld to be 
uniform in structure, and that the penetration is prac- 
tically 100%. 

Welds shall have no depressions at the edges below 
the surfaces of the parts joined, and shall be so built up 
that there is a gradual increase in thickness from edge 
to center. 

Butt joints heavier than 7/x in. shall be beveled as 
shown in Figure 2a. Beveling shall preferably be by 
machine, but may be done with the torch if the surfaces 
are thoroughly cleaned from scale and oxidation after- 


ward. Butt-welds in steel pipe shall have the ends 
spaced in accordance with Table I before tack welding. 

Surfaces for butt and fillet welding shall be thoroughly 
cleaned and shall be free from paint, oil, rust, or scale 
before welding, except that a light coat of oil used to 
preserve the beveled surfaces from rust may be per- 
mitted. 

Before welding the piping or other equipment shall be 
carefully lined up so that no part is offset with respect 
to the adjacent part by more than 20% of the pipe 
thickness. This alignment must be preserved during 
welding. 

No globules of weld metal shall project within the 
pipe so as to seriously restrict its area, or cause danger 
of loosening and falling into the pipe. 

The sizes of tack welds shall in no case be greater 
than '/, the thickness of the thinner material joined 
so as to insure weld continuity. If larger, they shall be 
melted or chipped out prior to or during welding. 

After completing a welded joint the welder shall stamp 
it with a number or mark to identify it as his work. 
This last is an important provision as it identifies be- 
yond doubt the maker of every weld. In case of failure 
to pass inspection later or failure in service, the weld 
can be traced back to the mechanic. Knowledge that 
this is the case will exert a strong influence on the welder 
to exercise care and not turn out defective work. 

The third problem in an adequate specification is to 
provide for supervision and inspection which will insure 
that the finished work is as called for in the specification. 
This cannot be done solely by an inspection of the 
finished welds. A qualified inspector should be con- 
tinually watching the work during its progress. On 
welding work done in the shop one inspector can prob- 
ably supervise and watch the work of 15 to 18 welders. 
On field work one inspector cannot watch more than about 
10 men. This inspector should have full authority to 
stop any welder whenever in his judgment the work is 
not being done satisfactorily and require that the 
unsatisfactory work be cut out and done over. During 
the progress of the welding the inspector should from 
time to time select a weld from the work of each welder; 
these welds to represent approximately 2% of the 
work of each welder. From these welds coupons not 
less than the pipe thickness in width should be cut. 
Coupons should be etched and examined as specified 
under the qualification test for welders. If satisfactory 
the coupon should be pulled in tension and should show 
a strength including the 25% reinforcement, not less 
than the tensile strength ofsthe base metal. In the case 
of field welds made in position a coupon from the under 
side of the weld should show not less than 75% of the 
tensile strength of the base metal. Failure of a coupon 
to meet these tests would be cause for rejection of the 
weld tested and call for a careful inspection of all work 
by the same welder since his last test and a check 
coupon from another weld by the same welder. The 
failure of a second coupon from another weld should 
be cause for the suspension of the welder until he could 
show proof that his work fully met the requirements 
for uniformly satisfactory welds. 

In addition to this inspection of the individual welds, 
all the piping after welding should be subjected to « 
hydrostatic pressure of one and one-half times the 
working pressure, and while under pressure the wel: 
should be struck with a two to six pound hammer wit! 
blows hard enough to jar the welds without indenting 
the material. All pin hole leaks should be repaire: 
by welding, but special care must be taken to preven’ 
local stress concentration due to heating and cooling. 
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A general sweating of any weld would be cause for its 
rejection and complete removal and rewelding. 

In the case of shop welding, non-destructive tests 
such as the X-ray are practical and could very well be 
used in addition to the coupon and visual tests specified 
above. In case the X-ray is used this would give a 
permanent record of inspection of all shop welds. The 
objection to X-ray has been raised that it is expensive 
and is not a 100% test, showing up only one type of 
fault. Thisis true. On the other hand, neither are the 
tension tests or the etching and visual tests 100%. 
Each of these tests checks a certain type of fault. 

In the present state of the art, with the small amount 
of knowledge of welds and welding, and the natural 


distrust. felt by engineers of a new development, the 
more tests to which welding can be subjected, the 
better. It is only by careful work, elaborate testing 
and long experience that the natural distrust of engi- 
neers for a new development can be overcome, and weld- 
ing placed in the position of an accepted method for 
joining high pressure and temperature steam piping in 
power plants. The writer feels that this time is rapidly 
approaching. The welding fraternity must not, how- 
ever, precipitate ill considered applications with conse- 
quent disastrous failure. 

As previously mentioned, such a failure would be a 
““‘black eye’ to the welding industry for many years to 
come. 


A Sign of Progressive 


Manufacturing 
By I. C. JONES 


+Mr. Jones is connected with the Publicity Department 
of the Linde Air Products Company. 


HE manufacture of large electrically illuminated 
signs is a field of work which has been materially 
benefited by the adoption of oxy-acetylene welding 
as a production process. The inherent advantages of 
this process to the sign manufacturer are: speed and 
economy in fabrication, strength of joints, and assurance 
of permanence of the completed article. 

All of these factors as well as the advantage of sav- 
ings through the neat appearance of the welded joint, 
were attained in the experience of a sign manufacturer 
who recently received an order for a large theatre sign. 
Knowing the advantages possible through use of the 
oxy-acetylene process he specified it for this work. 
The sign was to be 96 ft. in height with individual 
block letters 7 ft. high. Each letter was to be made 
in the form of a rectangular metal trough, U-shaped 
in cross section with flanged edges. Along the bottom 
of the trough, double lines of socket holes were to be cut, 
through which electric light sockets would be installed. 
Twenty-gage sheet iron was the material specified 
throughout. 

All straight sections were formed and flanged on a 
bending brake, leaving the corners, ends and other 
curved portions of letters to be fabricated by means of 
the blowpipe. The curved sections were rolled to their 
proper shapes, flanged and welded in position forming 
the end sections as shown in the illustration. 

The welded end pieces and the straight sections were 
joined by means of the oxy-acetylene blowpipe. This 
gave a strong construction to each letter. 

By welding these joints a great many advantages 
were attained. Assemblies of the letters were easily 
and rapidly made, including joints on the curved por- 
tions. Cracking of the enamel over joints or fasten- 
ings, as is often encountered in the use of other methods 
of jointing was eliminated; and creeping joints, which 
are caused by expansion and contraction of overlapping 
edges with temperature changes, were avoided. Fur- 


thermore, joint corrosion is practically eliminated. 
assures greater life to the sign. 

After the partS’ had been assembled, the letters were 
enameled. The enamel coating adhered just as smoothly 
and evenly to the weld metal as it did to the rest of 
the iron sheet and no joint at all was apparent. Fur- 
thermore, it was possible to install the completed sign 
with assurance that no matter what weather condi- 
tions it was subjected to there would be no chipping 
or cracking of the enamel due to differences in expan- 
sion in the sections joined. 

The oxy-acetylene process was instrumental in effect- 
ing these improvements. As in many other metal work- 
ing industries it has been eagerly accepted in the sheet 
metal industry as a production unit of exceptional 
benefit, giving speed and dependability to metal join- 
ing at low cost, as well as assuring strength and perma- 
nence to the joint itself. 


This 


Parts for Large Sheet Metal Sign Assembled for Welding 
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The Effect of the New 
Welding Code on 
Process Industries, 
and the Importance 
of its Proper 
Application 


By F. G. SHERBONDY 


This paper was presented at a joins meeting of the 
Metropolitan Sections of the A. S. M. E. and A. W. S. by 
Mr. Sherbondy, Vice President, The Biggs Boiler Works Co. 


HE ADVANCE that has taken place in the art of 

fusion welding in the last few years has probably 

never been parallelled by a similar development 
so materially affecting recognized and accepted prac- 
tices of long standing. 

The universal approval that has been accorded welded 
construction, after what may seem a relatively short 
period of research and development, is, I feel, chiefly 
due to three major conditions. 

First: There has been, for a long time, a genuine 
need for a method of constructing various types of re- 
torts, vessels, etc., used byzthe process industries of a 
superior nature to the type cOmmercially available and 
consequently the advantages 6f Welded Construction 
were readily recognized and received by industries in 
general as a means of effectively and more economically 
carrying out many advanced processing requirements. 

Second: The thoroughness with which various fabri- 
cators of special steel and alloy plate construction at- 
tacked the problem of working out individual welding 
procedures which would control, within close limits, the 
many variables encountered, with the object of producing 
welded joints of a predetermined uniformity and definite 
strength. 

Third: The cooperation of various organizations such 
as insurance companies, societies and committees in- 
terested in the project and the painstaking and laborious 
task of unifying the many and various methods of weld- 
ing employed by the individual manufacturers into a 
universal code to be accepted and approved by the 
various interests. 

Rules for the construction of unfired pressure vessels 
as adopted by the A. S. M. E. Code Committee on July 
7, 1931, places the stamp of approval of. the highest 
engineering authorities on welded construction and effects 
a universal recognition of this method without commer- 
cial limitations. } 

It is to be expected that the 193k code, permitting 
as it does, the construction withoyt limitation, of any 
type of pressure vessel may present problems of classifi- 
cation and/or interpretation that<is not always under- 
stood by the management of iffdustries in general and 
likewise, it being the result of research and data sup- 
plied from so many different sources, may contain con- 


February 


ditions, which when combined under a uniform procedure 
are likely to be misunderstood and misapplied. 


Proper Interpretation of the Three Classes of 
Welding Permitted in the Code 
Is Essential 


To the industrial engineer, preparing specifications 
for the construction of welded vessels, as well as to the 
management of industry in general, I should like to 
point to a feature that is of paramount importance, 
namely, that the classification of the accepted methods 
of welding in the 1931 code, under Classes 1, 2 and 3, 
is to be considered solely as a method of describing the 
recognized and accepted practices for welded construction 
and not as a means of qualifying or grading respective 
types or methods of welding as to their superiority one 
over the other. For example, certain definite types 
of vessels, or to be more exact, vessels of certain di- 
mensions and for certain working conditions and pres- 
sures, are to be built under Class 1; certain other types 
of vessels are to be built in conformity with Class 2, 
and certain other types are to be built in conformity 
with Class 3 welding. These various classifications are 
the result of several years of painstaking research, 
countless tests and a collection of countless volumes 
of data covering the entire subject of welded vessel 
construction and from such efforts the classification 
referred to has developed, with the result that each 
class is distinctly within itself and is the recognized and 
accepted standard of construction for vessels of the type 
which fall into the respective classes. 

There may exist a tendency, by some engineers who 
are responsible for the successful operation of various 
individual processing units, to place a capital burden 
on the management by not thoroughly analyzing the 
full meaning of the new code, and by arbitrarily speci- 
fying a type of construction, entirely unnecessary for 
the particular type of vessels under consideration, feel- 
ing that in doing so they have “‘played safe’ and re- 
lieved themselves of any individual responsibility. This 
theory, fortunately, is not often encountered, especially 
when dealing with engineers who are thoroughly con- 
versant with welded construction and the details of 
code requirements. 

There does exist, however, in the mind of an occasional 
engineer, the feeling that in order to be on the safe 
side, he must specify Class 1 construction, irrespective 
of conditions of service his individual unit is to operate 
under, whereas, as a matter of fact Class 2, or possibly 
Class 3 construction would in all probability give him 
a higher degree of safety than he has ever enjoyed be- 
fore on similar plant apparatus. 

It is needless to say that such a policy is economically 
wrong and such an engineer is not being fair with his 
management or to his profession. 


The Much Discussed Subject of Stress Relieving 


I doubt if any one subject that the code committee 
has had to consider was the subject of more discussion 
than this one particular phase of the specifications. 
Space will not permit details with reference to the vari- 
ous arguments pro and con on the subjects but perhaps 
it is sufficient to say that if a theory exists that stress 
relieving is a ‘‘cure-all’’ for all welding ills, the feature 
is very much over-rated and its benefits are very much 
misunderstood. Stress Relieving, like many other re- 
quirements of the specifications, is to be recognized or 
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rhaps to be more exact, the construction of vessels 
that are free from measurable or objectionable stresses, 
is a very important factor, comparable with ductility, 
uniformity and strength. However, the specifications 
applying to stress relieving for Class 1 vessels, as well 
as their application, to a limited extent, to Class 2 vessels, 
is the result of a compromise from the original thoughts 
on the subject, the compromise being largely effected 
by the favorable experience records of the products of 
certain welding procedures, wherein thermal stress re- 
lieving was not employed. 

Thermal stress relieving, as required by the code, 
does not, nor was its function ever intended to im- 
prove the tensile strength, ductility or soundness of 
the weld. Its application in the code is due largely to 
a broad interpretation of welding, on account of the 
fact that individual ability or procedures cannot be 
recognized. Stress relieving on vessels of extremely heavy 
wall thickness, however, is undoubtedly a good practice, if 
not an essential requirement. 

It has, however, been the experience of our company 
and many others that on vessels constructed of plates 
up to 1'/,” in thickness, that thermal stress relieving 
is unnecessary and is regarded as an economic waste 
and this contention is shared by leading insurance com- 
panies who have had a background of several years ex- 
perience with vessels built under such welding proced- 
ures. On the other hand, it is possible that other weld- 
ing procedures may lock up stresses that must be ther- 
mally relieved, so the rules adopted by the code com- 
mittee are entirely justifiable but in mo case should 
thermal stress relieving be considered necessary in the 
production of welded vessels beyond the Code require- 
ments, or if employed, such vessels should not be con- 


When a Bridge 
Becomes Old— 


By L. R. CANFIELD 


+Mr. Canfield is connected with the Westinghouse Elec- 
tric & Mfg. Co. 


IKE persons, bridges, too, have their ‘‘doctored-up”’ 
years of life—years which are too full of costly 
visits from Dr. Maintenance—when the load they 

can safely carry becomes limited. It is not likely, in 
these days of scientific achievement—when even aged 
human structures can be rejuvenated—that old bridge 
structures should suffer from the afflictions of service- 
worn members. 
Allegheny County Bridge No. 8, crossing the Alle- 
gheny River between Pittsburgh and Sharpsburg, with 
its 3l-year service record in carrying street cars and 
vehicles of many sizes and types, until recently was a 
fairly good customer of Dr. Maintenance. Its chief 
troubles came from a worn road-bed and excess load 
per pound of steel in its makeup. A group of specialists 
conferred. They recommended a complete new floor 
and more steel for its superstructure. The new floor 
was old stuff among bridges. But new steel for its 
girders was something new. 

_ The Allegheny County Bureau of Bridges, with its 

392 bridges to be kept in tip-top shape is up-to-the- 


sidered superior to vessels constructed under a procedure 
wherein the procedure itself is so controlled that measur- 
able stresses are not originally set up. 

It should be the object of every manufacturer of 
welded pressure vessels to protect his investment as 
well as the position that has been accorded welded con- 
struction, by constantly demanding the full and com- 
plete observance of the fundamentals of good welding 
and it should likewise be the duty of industries in pur- 
chasing welded equipment to inquire into the individual 
ability of the manufacturer, his experience and record 
of performance and the buyer should further earnestly 
consider the type of service in which the vessels under 
consideration are to be used and be guided by the 
proper interpretation of the A. S. M. E. code as to specifica- 
tions. 

Our company has been manufacturing welded high 
pressure vessels for several years for the various process 
industries and the continuous and satisfactory opera- 
tion of such units prompts me to say that, notwithstand- 
ing the strides that have already been made in welded 


‘construction, it is still in its infancy, but it is essential 


that the construction must not be unduly handicapped 
by improper application of fundamentals. 

Welded construction has definitely proven to be 
superior to other types of construction and while in 
some instances welded vessels may prove to be slightly 
lower in initial cost, due to the saving of material in- 
volved, I think this is entirely the wrong attitude to 
hold with respect to this class of construction. The 
saving to be effected due to decreased maintenance, 
general utility, prevention of loss in production due to 
repairs, certainly favors welded construction as to ulti- 
mate cost, irrespective of its initial or first cost. 


Bridge Repaired by Are Welding 


minute on modern maintenance methods. Their specifi- 
cations for the repair of Bridge No. 8 included the rein- 
forcing of the roadbed structure, the length of the 300- 
foot bridge, by fusing steel plates to the beams on top 
and bottom. 

The “‘specialist’’ who performed this major operation 
was a mysterious-looking masked character. The elec- 
tric are was his “‘instrument.’’ He was the are welder 
a skilled “‘steel’’ fabricator. 

The roadbed, including car tracks, on one side of the 
bridge at a time was torn up. One-way traffic main- 
tained until it was completed, then the other side was 
torn up and repaired. 
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To each beam in the superstructure of the roadbed, 
steel plates, nearly as long as the beam, were added, 
one at the top and one at the bottom. A clamp held 
them in place until they were reached by the arc welder. 

The welder’s task seemed very simple, yet interesting. 
Along the edge of the new plate he plied his arc. 
Through a small steel rod, clamped in a holder in his 
hand with its tip held continually close to the plate, 
the electric current passed causing an intense hot arc 
at the plate. Looking through a dark protective glass, 
one could see the result. A puddle of molten steel 
seemed to advance along the seam as the operator sent 
the arc on its way. The old steel of the bridge, the 
new steel of the plate and the steel of the welding rod 


as it was fed into the seam, fused into a solid unit- a 
joint even stronger than the steel itself! 

Foot after foot, the arc of this ‘‘surgeon of stec]’’ 
advanced down the beams and across the girders, on 
their tops and bottoms. Pound after pound of welding 
rod went into the seams—forming a continuous bead 
down the edges of the plates. It was a big job including 
more than 11,000 feet of welded joint. 

Today Bridge No. 8 is all slicked up for another long 
parade of traffic. And much more strenuous loads 
than the teams and buggies of 1900 will be carried as it 
sets out on its claim for another 31 years. With its 
new two miles of arc welded joints, the old bridge is 
more than ‘‘what she used to be.”’ 
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Petroleum Pipe Lines. Repairing Oil Trunk Lines by Arc Weld- 
ing, A. N. Horne. Petroleum Mech. Engr. (A. S. M. E. Trans.), 
vol. 53, no. 18 (Sept.-Dec. 1931), pp. 33-35. Methods of fixing up 
split joints, leaking couplings, and line breaks, by use of arc weld- 
ing; pipe line that has been corroded or that has become badly 
pitted also is patched and repaired by this means; data given to 
show that patch welding pays. 

Pipe Joints. Design of Special Pipe Joints, S. Hirschberg. 
Welding Engr. (Dec. 1931), vol. 16, no. 12, pp. 27-31. 

Pipe Lines. Welding Used Entirely for Heating and Refrigera- 
tion Joints in Arena Piping, C. R. Stinson and D.S. Lloyd. Power 
House (Eng.) vol. 25, no. 1f (Nov. 1931), pp. 29-30. 


Pressure Vessels. Coated Electrodes Make Welded Pressure 
Vessels Safe, G. Raymond. Welding (Dec. 1931), vol. 2, no. 12, 
pp. 789-792. 


Railroad Repair Shops. Gas Welding in Nickel Plate Shops, 
J. C. Miller. Railway Journal (Dec. 1931), vol. 37, no. 12, pp. 
16-18. 

Rails. Present Practice in Rail Bonding, P. P. Pipes. Ry. 
Signaling (Dec. 1931), vol. 24, no. 12, pp. 420-421. 

Sheet Steel. Automatic Arc Welding of Steel Sheets, A. M. 
Candy. Metals and Alloys (Nov. 1931), vol. 2, no. 5, pp. 262-265. 

Shield Welded Pressure Vessels Now Safe for All Hazardous 


Uses, G. Raymond. Refiner (Dec. 1931), vol. 10, no. 12, pp. 90-93 
and 98. 


Shipbuilding. Newport News Shipyard, J.W. Owens. Welding 
(Nov. 1931), vol. 2, no. 11, pp. 734-736. Welding applications on 
some recently built ships; future of welding in shipbuilding in- 
dustry. 

Stainless Steel. Resistance Welding 18-S Steels, M. Clark. 
Welding Engr. (Nov. 1931), vol. 16, no. 11, pp. 33-34. Welding 
characteristics and proper welding procedure; welding or clamping 
dies; high-speed spot welder for stainless steel. 

Steam Pipe Lines. Pipe Welding for High Pressure Steam Ser- 
vice, F. W. Martin. Railway Journal (Dec. 1931), vol. 37, no. 12, 
pp. 21-25. 

Structural Steel Welding Committee’s Report, F. P. McKibben. 
Welding (Dec. 1931), vol. 2, no. 12, pp. 808-810. Interpretation 
of forms and results of joints tested; strength of fillet-welded joints 
with negligible and with considerable eccentricity. 

Structural Steel. Factors That Affect Welding Qualities of 
Steel, W. E. Stine. Am. Iron and Steel Inst.—VYear Book 1931, 
pp. 486-99 and (discussion), pp. 499-510. 

Structural Steel. Welding Qualities of Steel, W. E. Stine. 
Foundry Trade Jl. (Dec. 24, 1931), vol. 45, no. 801, pp. 397-398. 

Symposium on Welding. Philadelphia, Pa. Am. Soc. Testing 
Materials for mtg., Mar. 18, 1931. 152 p., figs., tables. Sym- 
posium of papers as follows: General Survey of Welding Processes, 
F. T. Llewellyn; Welding Processes Applicable to Aluminum, 
W. M. Dunlap; Quality of Materials for Fusion Welding, C. R. 
Texter and F. N. Speller; Modern Applications of Arc Welding, 
A. M. Candy; Recent Developments in Gas Welding and Cutting, 
E. J. W. Egger; Stethoscopic Examination of Welded Products, 
J. R. Dawson; Inspection of Welding Made by Watertown Arsenal, 
G. F. Jenks; Gamma-Ray Testing of Welds, G. E. Doan; Mag- 
netic Methods of Testing Butt Welds, T. R. Watts; Fatigue and 
Impact Testing of Welded Products, T. M. Jasper; Welding In- 
spection, R. Kraus. 

Testing. Gas Welded Structural Joints, H.H. Moss. Welding 
Engr. (Nov. 1931), vol. 16, no. 11, pp. 39-43. 

Training. How Fast Does the Student Welder Learn? J. R 
Griffith. Welding (Dec. 1931), vol. 2, no. 12, pp. 804-807. Ex- 
periment with learning curves of apprentice gas welders at Orego. 
State College. 

Welded Steel Plate Condensers Have Advantages, Harold M 
Graham. Power Plant Engineering (Feb. 1, 1932), vol. 36, no 
3, pp. 127-128. 

Welding and Cutting Aids Plant Rehabilitation, D. R. Pratt. 
Power Plant Engineering (Feb. 1, 1932), vol. 36, no. 3, pp. 133-134 

Welding and Heat-Treating Alloy Steel Locomotive Frames. 
W. A. Newman and C. F. Pascoe. The Iron Age (Jan. 28, 1932). 
vol. 129, no. 4, pp. 284-285 and 300. 
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